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Ion exclusion is a chromatographic separation of 
ionic from non-ionic material on a bed of ion exchange 
resins. This process has been proposed for the recovery 
of sucrose from molasses. However, separation of sucrose 
from the non-sugar and reducing sugar fractions is diffi­
cult. On the contrary, separation of reducing sugars 
from non-sugars is relatively easy. Inverting the su­
crose to reducing sugars for further separation by ion 
exclusion gives a way to recover essentially all the sug­
ars from molasses. Also, it eliminates the need for 
crystallization, since the reducing sugars can be sold 
in solution.
The total sugar content in blackstrap molasses is, 
potentially, of great economic value, as much as, say 
$1.5 million/year for a 5000 TCD Louisiana factory.
The ion exclusion process requires a feed material 
with both suspended and total hardness (Ca , Mg ) re­
duced to the lowest possible levels. In this research, 
pretreatment of molasses, and separation of sugars from 
non-sugars by ion exclusion were both studied.
xviii
Molasses pretreatment was accomplished in a novel
way using phosphoric acid, sodium hydroxide, and "di­
lution" water. The pretreatment consisted of dilution, 
heating, adding acid to 2.5 pH to invert the sucrose and 
reduce the hardness content, neutralizing, adding more 
dilution water, and settling. In this work, phosphoric 
acid gave greater reduction in total hardness than the 
other mineral acids studied. Also, the final dilution 
step notably increased the rate of mud settling.
The main objective of the ion exclusion work was to
establish the main variables and the magnitude of their 
effects. Six operating variables were studied using a 
two factorial experimental design. From statistical data 
analysis, the variables having the strongest influence 
were the feed volume to the column per cycle as percent 
of the total bed volume, and the percent of resin cross- 
linkage. The results were consistent with mathematical 
models previously proposed in the literature.
Ion exclusion treatment produced a clear, lightly- 
colored invert sugar solution of 98$ or greater purity 
at about 90$ recovery. The data obtained were adequate 





Cane blackstrap molasses is a oy-product, of reason­
ably high sugar content, of raw sugar manufacture from 
sugar cane. It is defined as a heavy, viscous liquid 
separated from the final low-grade massecuite from which 
no more sugar may be crystallized by the usual methods (48).
While a typical analysis of cane blackstrap molasses, 
final molasses, may not be formulated, certain general 
figures are of interest. The broad range of final molas­
ses composition by weight is given as (48)j Water from 
17 to 35 percent, sucrose from 25 to 40 percent, reducing 
sugars (glucose and fructose) from 12 to 35 percent, other 
carbohydrates from 2 to 5 percent, and inorganic constitu­
ents (Ash) from 7 to 15 percent. Thus, the total sugars 
account for about 50 percent or more of the final molasses 
and represent a great economic value.
The recovery of sucrose from the final molasses has 
been the object of intense investigation as reported in 
the literature. In 1953* the Ion Exclusion Process was 
introduced by Dow Chemical Co. This process was developed 
to separate ionic from non-ionic material, and was based
on the fact that certain ion exchange resins have under 
equilibrium conditions a different adsorptive capacity for 
highly ionized compounds, i.e., inorganic salts, than for 
non-ionized molecules such as sugars. When this process 
is applied to molasses, a certain amount of molasses is 
fed to the top of the column containing the ion exclusion 
resin. As soon as the molasses has finished entering the 
resin bed, pure solvent is admitted to the top of the col­
umn to start elution of the molasses. As the feed solu­
tion passes down the column, a gradual separation of the 
ionic from the non-ionic material takes place, and when 
they appear at the bottom of the bed, they may be totally 
separated. Since cane blackstrap molasses is a very com­
plex solution, separation of solutes takes place not only 
due to the ion exclusion effect, but also due to molecu­
lar sieve effects. Molecules whose size is greater than 
the pore diameter of the resin particles are excluded 
from entering the interior of the resin.
The main characteristic of the ion exclusion process 
is that theoretically no ion exchange takes place, and 
that no regeneration of the resin would be necessary. For 
this reason, if the ion exclusion resin is in the mono­
valent form, i.e., sodium form, the divalent material 
(mainly calcium and magnesium) of the molasses has to be 
eliminated as much as possible to avoid ion exchange. The 
reduction of calcium and magnesium from the molasses is 
accomplished by what is generally called pretreatment pro-
cess. The exchange of sodium by multivalent ions reduces 
the size of the resin pores, reducing, therefore, the ef­
ficiency of the ion exclusion process.
The ion exclusion process has been used by the 
Finnish Sugar Company (32, 33» 3^) to recover the sugar 
content from molassesj however, a complete report on the 
effect of the different variables and their interactions 
affecting this process has not yet been published either 
by Finnish Sugar Company or by other investigators.
The main purpose of this investigation was, therefore, 
to make a study, as complete as possible, of the variables 
affecting both the molasses pretreatment process and the 
ion exclusion process.
The raw material used in this research was cane black­
strap molasses. The molasses was inverted before being 
used as feed to the ion exclusion columns. The decision to 
invert the molasses was based on the fact that sucrose sep­
aration from the non-sugar and reducing sugar fractions is 
a rather difficult one. Extensive overlaps occur between 
the different fractions (non-sugars, sucrose, and reducing 
sugars) leaving the exclusion columns. On the contrary, 
the separation of reducing sugars from non-sugars is rela­
tively easy to perform, and also it gives a way to get es­
sentially total recovery of the sugars (in liquid form) 
from molasses. Leaving the product as liquid eliminates 
the need for crystallization, which is required when su­
crose recovery is the preferred step. Thus, the products
4
ideally will be: (1) a sugar solution, R-Sugar fraction, of 
relatively high purity, and (2) a solution containing salts 
and other molasses components, N-Sugar fraction.
The economics of the ion exclusion process much de­
pends on the cost of raw material, the amount and price 
of the sugar recovered in the product, the effective use 
of the desugarized fraction (by-product from ion exclu­
sion), and the cost of evaporation, chemicals, equipment, 
and ion exchange resin. Roughly, a gallon of cane black­
strap molasses contains about six pounds of total sugars; 
at a sugar price of about 17 to 35 cents a pound, it repre­
sents from 1.02 to 2.10 dollars in sugars per gallon. As­
suming a cost of 0.5 to 1.10 dollars per gallon of cane 
blackstrap molasses, there is a difference of about 0.5 to 
1.0 dollar per gallon to include production related costs 
and return on investment.
Two supplementary studies were part of this investi­
gation: (1) the experimental data from the ion exclusion 
experiments was used to test if the plate theory as devel­
oped by Glueckauf (22), "continuous flow model", can be 
used to predict elution curves and purity ratios for the 
separation of reducing sugars from non-sugars by ion exclu­
sion, and (2) the same experimental data was also used to 
calculate the number and size of the ion exclusion columns 






Adsorption may be considered as a process in which the 
components of a fluid stream are selectively removed from 
the stream by a solid adsorbent. This process, is based 
on the ability of certain solids to preferentially concen­
trate on their surface specific substances from solution. 
Thus, when a mixture of solutes in solution is percolated 
through a bed of a solid adsorbent, the first species to 
appear in the effluent is the most weakly adsorbed by the 
bed, while the strongly adsorbed appears last. Typical 
applications include, among others, the fractionation of 
hydrocarbon mixtures, air dehumidification, water 
demineralization by ion exchange, decolorization of sugar
i
solutions, ion exchange chromatography to separate inor­
ganic ions from one another, as well as organic and inor­
ganic ions from organic compounds which are not ionized 
at all.
Depending on the force of attraction between the 
solutes and the solid adsorbent two types of adsorption
6
may occur. Physical adsorption, Van der Waal's ad­
sorption, results from intermolecular forces of attraction 
between the fluid molecules and the solid surface. These 
forces are relatively weak. The heat of adsorption is of 
the same order of magnitude as the heat of condensation 
(61). Since the forces involved in physical adsorption 
are weak, the process is reversible. This reversibility 
is used in industrial applications for recovery of the 
adsorbent for reuse, for recovery of the adsorbent solid, 
or for fractionation of mixtures as in gas or liquid 
chromatography.
The second type of adsorption, chemisorption, results 
from chemical interaction between the adsorbent and the 
solute. In this case, the forces involved are much stronger 
than in physical adsorption. The heat liberated during 
this process is of the same order of magnitude of the heat 
of chemical reactions (6l). Chemisorption is usually an 
irreversible process.
Adsorption Equilibria
The movement of a given solute through an adsorption 
column is one of the most important factors in adsorption 
separations. The solute movement is a function of the 
amount adsorbed or exchanged in equilibrium with the solute 
concentration in the external solution. For a multicompo­
nent mixture the amount adsorbed of a given solute is not 
only a function of its concentration but also of all the 
other solutes in the solution. A function or plot de­
scribing the relationship between the equilibrium concen­
tration of the solute on the adsorbent and its concen­
tration in the external solution, at a given constant tem­
perature, is called adsorption isotherm.
Adsorption isotherms have been classified as:
1. Irreversible:
2. Favorable:
qA “ f (CA^ * q" ( ca^ ^  0
3- Unfavorable:
qA = f(cA )} <r(cA ) >  0
Linear:
q A  = K c a j q " ( C A ) =  P
Where: q. is the equilibrium solid phase concen­
tration of solute A as a function of the 
fluid phase concentration.
#q"(cA ) is the second derivative of qA with 
respect to c^.
K is a constant.
The irreversible isotherm is characterized by a strong 
adsorbent-solute interaction. The solute is removed from 
solution until the equilibrium solid phase concentration is 
reached. Once this concentration is attained, the ad­
sorption process stops in spite of any change in the fluid 
c one entrati on.
The linear case is the simplest relationship used to 
describe the solid phase concentration as a function of the 
fluid phase concentration. Because of its simplicity,
linear isotherms have been widely used for theoretical 
adsorption predictions.
In various situations, however, the solute favors 
either the solid or the fluid phase with an increase in 
concentration. If the adsorbent has a greater affinity 
for a given solute at lower than at higher concentrations, 
then, the resulting isotherm is called favorable; other­
wise, it is called unfavorable. The four types of iso­










Liquid Phase Concentration 
Figure 1. Adsorption Isotherms
Adsorption Kinetics
Adsorption equilibria may be sufficient to predict 
the operation of adsorption columns at very low flow rates. 
It is assumed that at extremely low flow rates the equi­
librium between the solid adsorbent and the solute solu­
tion is immediately established. However, at high flow 
rates the equilibrium theory becomes questionable. Knowl­
edge of the rate processes is then required to predict 
what separations can be accomplished when the rate of mass 
transfer between the solid adsorbent and the liquid phase 
becomes important.
For fixed bed or batch reactors, the kinetic behavior 
of the adsorption process is determined by the rate control­
ling mechanism. The mechanisms commonly encountered are:
1. Film Resistance: The transfer of solute from solution 
to the solid surface occurs by diffusion through a ficti­
tious film bounded by the bulk fluid phase and the exter­
nal surface of the solid particle. Adsorption takes place 
only after the solute has penetrated this layer. When 
film resistance is the only mechanism proposed, instanta­
neous adsorption is assumed tc take place as soon as the 
solute reaches the bulk solid phase. In this case, the 
solute may either remain on the external surface of the 
adsorbent, or in the case of porous adsorbents, penetrate 
the solid through the intraparticle voids.
2. Solid Diffusion: Surface diffusion occurs on the sur­
face of the pore walls. This mechanism assumes that once
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the solute reaches the volumetric boundary of the particle, 
the solute is adsorbed by the solid and penetrates, mi­
grates, into the interior of the particle by creeping a- 
long the pore walls.
3. Solid-Phase Pore Diffusion: This model assumes that
the solute penetrates the interior of the particles by 
diffusion in the fluid occupying the intra-particle pores 
and remains there until adsorbed. For the case of gases, 
pore diffusion may be either Knudsen diffusion or bulk 
diffusion.
Surface Reaction! The rate of adsorption itself is 
described in a way similar to chemical reaction kinetics. 
This mechanism is applied to both the internal and exter­
nal surface of the solid adsorbent.
Any possible combination of the mechanisms just de­
scribed may define the kinetic behavior of the system.
Fixed Bed Adsorption Process
The following section is a general survey of the most 
important developments in fixed bed adsorption separations 
theory of interest in this research. The idea is to pres­
ent the more pertinent literature rather than to give, an 
exhaustive bibliography on the subject.
In general, there are two basic methods of fixed bed 
operations, Saturation and Elution. The operation of satu­
ration requires the continuous feeding of a solution con­
taining an adsorbate to a deep bed of unsaturated adsorbent.
11
By this process, the passing solution becomes progressive­
ly impoverished in the solute undergoing adsorption, while 
the adsorbent becomes correspondingly enriched. Adsorption 
continues until the capacity of the solid for removing the 
particular solute is practically exhausted. Under those 
conditions the column effluent reaches the feed concen­
tration, A plot of the effluent concentration against the 
throughput volume, or time, is called concentration histo­
ry or breakthrough curve. When breakthrough of the solute 
occurs, the saturation is terminated, and the column is 
either regenerated or eluted with an appropiate solvent to 
restore the column to its original state. On the other 
hand, elution is the continuous feeding of a pure solvent 
to a bed saturated or partially saturated with a solute.








Figure 2. Typical Breakthrough Curve for 
Saturation Operation.
The saturation process is usually employed for the 
removal of single species from a feed stock.
Chromatography, or elution separation, is a process 
normally used for the separation of two or more solutes of 
similar chemical nature. In this case, only a small a- 
mount of the feed solution containing the components to be 
separated is fed to the column. At the end of this step, 
the solutes are concentrated in a zone, or band, at the 
top of the bed. The solutes are then eluted, carried 
through, by a pure solvent. Because of the differences 
in distribution between the solid and liquid phase of each 
solute, the original band will gradually separate into 
several bands, each band corresponding to a given solute, 
during the elution process. The individual bands will 
draw apart completely from one another if the bed is long 
enough, and they may be recovered in the effluent as sepa­
rate solutions of each solute. The degree of separation 
is a function of variables such as temperature, type and 
size of the solid particles, flow rate, etc. The individ­
ual bands are usually bell-shaped and they appear in the 
effluent in a way similar to that shown in Figure 3-
Plate Theories
Martin and Synge were the first to realize the analogy 
of sorption chromatographic operations with those occuring 
in distillation columns. They considered the adsorption 
bed as consisting of a number of theoretical plates, each









containing an equal amount of adsorbent, and through which 
the liquid phase moves down continuously. Local equi­
librium and complete mixing were assumed to exist in each 
plate. Based on their model, Martin and Synge calculated 
concentration profiles in the bed at various times for the 
case of linear adsorption isotherms and elution of a single 
solute adsorbed on the top plate of the adsorption column.
Mayer and Tompkins (^5) based their theoretical ap­
proach also on the analogy of the ion exchange chromato­
graphic separations to the distillation or fractionation
columns. Considering the column as being made up of a 
number of theoretical plates, each plate having an equiv­
alent mass of resin, a volume of solution, and assuming a 
constant distribution coefficient of the solute between 
the liquid and the solid phase, Mayer and Tompkins devel­
oped mathematical expressions to calculate the concen­
tration profile and to predict the number of theoretical 
plates needed to obtain the required purity of the sepa­
rated products.
In 1955» Glueckauf (22), however, re-examined the 
discontinuous-flow treatment of Mayer and Tompkins and 
replaced it by a continuous one, which Glueckauf showed 
to be both more realistic and more accurate than the Mayer 
and Tompkins model.
Glueckauf assumed that even though the column itself 
may be divided into a finite number of sections, effective 
theoretical plates, the flow of solution through them is 
continuous. An effective theoretical plate is defined by 
Glueckauf as a unit of length in which the concentration 
of solute is uniform, both in the solution and in the ad­
sorbent phase, the two concentrations being assumed to be 
in equilibrium.
The following is the mathematical treatment as given 
by Glueckauf (22). Consider the flow of solution through 
a thin section of a column of height Ah, and packed with 
granular adsorbent. If the cross-sectional area of the 
column is Aq, the volume of the thin section will be
A x  = AQAh, The distance from the top of the bed may be 
measured either in units of height (h), in column volume 
(x), or by the number of theoretical plates (N) above and 
including the theoretical plate involved.
Av
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Figure if-. Nth. Section of a Fixed Bed of 
Adsorbent.
After a volume v of solution has already passed 
through the bed of adsorbent, an additional amount Av will 
enter the Nth section with concentration C^x _ and
leave it with concentration If <1 is "the amount of
solute contained in a unit volume of the column including 
both adsorbent and solution phase, then, the amount of sol­
ute in the Nth section after the volume v had passed is 
Axq^vj, which changes to Axq^v + after the addition­
al amount A v  has passed the section N.
From the equation for conservation of matter applied 
to the Nth section of volume Ax, it follows that,
AvC(x -Ax) - AvC(x) “ A x [4(v + Av) - 4<v)J (1)
Applying Taylor’s theorem to express small differences
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by differentials, and assuming third order differentials 
to be negligible (Ax<|x), Glueckauf (22) arrives at:
© v  + ® ) x -  ¥ S & +  ^ © 1 = 0
(2)
Since the flow of solution to the column is continu­
ous, the amount Av can be made infinitesimally small, and 
equation (2) is further simplified to:
( £ i  * ( a  -  = °
For a linear isotherm, equation (3) gives:
( d C \  +  a / & . \  _  A x / a f c \  =  o
\ d x  Jv Jx 2 (,0*2 ;v
(3)
Equation (U) is transformed by Glueckauf into dimen- 
sionless form to obtain:
( I n ) m  +  ( a S ) N  ~  i © ) M  =  0  <5)
Where: N = x/ Ax = Number of theoretical plates up
to point x.
M = v/a Ax = Number of theoretical plates 
elution volumes contained in 
volume v.
Glueckauf (22) solved equation (5) for the case of 
elution of a solute contained in a narrow band of width
17
hQ (or Nq, or xq) at the top of an otherwise empty column.
The following boundary conditions were used:
M = 0, C = C{
M = 0, C = 0
N = 0 , M >  0, C = 0
The solution is given as:
0 <  N <  N0, 




-  A, N - No ~ M
1 V m"
(9)
Where: A£ Area of a normal curve of error.
x  M  ■
After some simplifications, equation (9) is given in 
parameters more”suitable for the interpretation of experi­
mental data as:





Concentration of solute at the peak 
of the elution curve.
Peak elution volume.
Volume of elution solution
Number of theoretical plates from 
the center of the original band to 
the bottom of the column.
27T^Cmax ’ v ^2 ( I D
w = Amount of solute in the original band.
For the separation of two solutes initially contained 
in an original hand, Glueckauf (22) also calculates the im­
purity ratio of the separated hands, 0, and the best e- 
lution volume, v, to make both bands of equal purity.
Refer to Figure 5.
AW
v
Figure 5- Elution Curves. (After Glueckauf (22)).
and A w g  are given ass
AW| =  v/| 0.5 -  A c , W|- N ►
Vw^




Case Is = Wg.
In this case the condition for equal purity hands is 
given ass
A Wj = A w2
From which v is derived as (22)t
V = V^,v2
The value of 0  is determined from:
g  = _AWi









Equal purity condition is given as: 




= v, Yj 2V|V2 (wf - w|) 




+ w| \  4/=TTT 7
?W| + w 2 I
(17)
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The value of the height equivalent of a theoretical 
plate, HETP, for a given column is the result of the vari­
ous band spreading processes, physical or1 rate processes. 
Among these processes are included the mass transfer effects 
due to molecular diffusion (particle, film, and longitudi­
nal diffusion).
The contributions of the adsorbent particle size, par­
ticle and film diffusion to HETP have been derived by 
Glueckauf (23) as functions of (a) the radius of the solid 
particles, r, (b) the solvent velocity, u, and (c) the 
molecular diffusion coefficients, Dg and D^, ‘tlie solute 
in the particle and liquid respectively.
The combined contribution to HETP is given by 
Glueckauf (2 3) as:
A similar equation to calculate the HETP is given by 
Snyder and Kirkland (62) as:
HETP =  1.64 r +  Kcl O .I42r2 u
(K d+ a )2 Ds
2 0 .266  r^u
D| + 7 0 ru \
(18)
HETP = _l_ C s m ^ p u
(19)
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Where each term at the right hand side of the 
equation represents a contribution to the plate height of
each of the different band spreading processes. These
processes and their contributions are identified by Snyder 
and Kirkland (62) as follows*
Processes Contribution
p. Mobile Phase Mass Transfer Cmd u/D„m p ' m2Stagnant Mobile Phase Mass C d u/D„
Transfer. sm P m
2Stationary Phase Mass Transfer Csdfu/Ds
Eddy Diffusion C,de p
Longitudinal Diffusion CdDn/u
Where* C . C_ . C . C . and C. = Coefficients.
m sm s e d Constants for a given
packing.
dp = Particle diameter.
df = Thickness of the stationary phase film.
u = Solvent velocity, and
Dm and Dg = Molecular diffusion coefficients
in the moving and stationary 
phase respectively.
Even though the plate theory concept is applicable 
only to cases where the band spreading is not dominated 
by lack of equilibrium between the solid adsorbent and the 
solution phase, it can still be applied to non-equilibrium 
situations when the column contains a sufficiently large 
number of theoretical plates (22). For the case when parti­
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cle diffusion is the dominating disturbance term, Glueckauf 
(2 2) gives the following equations to calculate the optimum 
cut, v, and the purity of the product asi
In summary, the theoretical plate models' main advan­
tage is their easy adaptability to machine computation (1 0); 
however, the integrated forms for these models are limited
this limitation being their main disadvantage.
Equilibrium Theories
One of the first papers dealing with kinetics of ad­
sorption as applied to chromatography was that of Wilson 
(75) in 19*1-0. Wilson's theoretical treatment was based on 
the assumption of instantaneous equilibrium between the 
solute and the solid adsorbent, and no longitudinal dis­
persion (equilibrium non-dispersive). Wilson showed mathe­
=  v l + v2
and,
(21)
Where: N is the arithmetic mean of the two N's for
the two solutes.
to only linear adsorption equilibrium, i.e., qj£ = aCA ,
matically the existence of adsorption "bands, and concluded 
that the bands should remain sharp and of constant width 
as they moved down the column. However, these theoretical 
conclusions, experimentally, hold only approximately.
In 19*K3, De Vault (1*0 extended Wilson's work. In his 
model, De Vault also neglects longitudinal dispersion and 
assumes local equilibrium to exist at any point in the bed, 
De Vault was able to prove mathematically that for favor­
able isotherms the front boundary of the band will be sharp 
and will tend constantly to sharpen itself even if diffu­
sion (longitudinal) is present, whereas the rear boundary 
will be broad and gradual. If the adsorption isotherm is 
linear, De Vault demostrated that both boundaries will 
tend to keep their original shape; in other words, the sol­
ute front will pass through the bed without any departure 
from its initial shape.
Weiss (6 8) proposed a general theory also based on 
the assumption of practically instantaneous equilibrium
4
between the solution and the solid adsorbent. In his pa­
per Weiss deals with the formation of a chromatogram in an 
adsorption column from a single solute and the process of 
elution by a solvent for several adsorption isotherms 
(Langmuir, Freundlich, and linear isotherm) with results 
similar to those of De Vault.
Various investigators, Glueckauf (17* 19» 20, 21), 
Coates and Glueckauf (9)» Offord and Weiss (52), Walter 
(71), have made extensions to De Vault's theory to cover
different initial column conditions and types of operations, 
as well as to cases of multicomponent adsorption.
Non Equilibrium Theories
Under the usual working conditions, the equilibrium 
non-dispersive behavior is not often obtained because of 
either low adsorption rates, longitudinal dispersion, or 
hydrodynamic dispersive effects.
To deal with the non equilibrium conditions in a 
column, two different approaches have been developed and 
reported in the literature: (1) mass transfer models and 
(2) longitudinal dispersion models.
Mass Transfer Models: These models are based on the as­
sumption of zero longitudinal diffusion.
The continuity equation for a given solute, A, written 
over a differential section of the adsorption bed, is 
given by the following equation (?0):
(22)
Where: CA = Concentration of A in the moving phase, 
t = Time variable.
v = Moving phase interparticle velocity, 
x = Distance in the axial direction. 
a  = Fraction interstitial void space in the
adsorbent bed.
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q, = Concentration of A in the solid 
phase.
D = Axial diffusion coefficient.
Assuming zero longitudinal diffusion, the right hand 
side of equation (2 2 ) is set equal to zero, simplifying to:
In order to solve equation (2 3) two more relations 
must be known, (a) the mass transfer rate equation, and 
(b) the equilibrium adsorption isotherm, equations (2*0 
and (2 5 ) respectively.
Where q^ and Cj£ represent equilibrium values.
The mathematics involved for the solution of the set 
of equations (2 3), (2*0 , and (2 5) will depend on the rate 
law and adsorption isotherm assumed.







Where: K+ = Overall mass transfer coefficient based
on the moving phase driving force.
Kd = Distribution coefficient.
a = Interfacial mass transfer area per unit 
volume of column.
was solved by Beaton and Furnas (2) considering the mass 
transfer problem analogous to that of heat transfer for 
which solutions have already been found. For saturation 
with a solute A of a column initially free of solute, the 
equation that describes the effluent curve is given (1 0) 
as:
J(X, T) (28)
Where* = Concentration of solute A in the feed 
X - Reduced axial distance.
= x(Kta/CKv)
T = Reduced time
The function J of two variables A and V is defined 
by the relation!
I is a modified Bessel function of the first kind o
of order zero. For large values of Z and T the effluent 
curve is approximated (10) asi
(30)
Where:
2  r t) 
G r f ( u )  =  ^J G d77 (31)
For the case of elution of a partly saturated column, 
Vermeulen and Hiester (70) give the following result:
= J(sA , ta + t£) - J(SA , t£) (32)
<CA>o
Where:
Ka vOl=  Column Capacity Parameter.
DA
_  ^A (V* - yOQ __
DA
Solution Capacity Parameter 
for Elution Period.
c^x a
~  Partition Coefficient for Elution 
Period.
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K VT. _ _A Sat _ Solution capacity parameter for
F the saturation period.
_ Concentration of solute A in the solid ad­
sorbent in equilibrium with coexisting liquid 
phase at concentration C^.
K, _ Chemical equilibrium constant for exchange of
A " A with G.
V' _ Volume of eluting fluid to the column.
Vs t _ Volume of solution fed to the column during 
the charge period,
F = Volumetric flow rate of fluid through the
column.
^ _ Density of adsorbent as packed and saturated
with carrier fluid.
Vermeulen (6 9 ) also considered the case of chromato­
graphic separations with results similar to those of 
Vermeulen and Hiester (70).
Thomas (6 5), in 19^, provided an analytical solution 
to the case of a non-linear isotherm. Thomas considered a 
case of ion exchange which could be characterized by a law
explicit in the concentrations only of ions in solution and
of exchangable atoms or ions in the adsorbent. The kinetic 
model proposed by Thomas (reversible second-order reaction 
kinetics) corresponds to either the ion exchange of ions of 
equal valence, A and B, or to adsorption of a solute fol­
lowing the Langmuir adsorption isotherm. Hiester and 
Vermeulen (2 9) evaluated the Thomas’ kinetic model. These 
authors derived approximate solutions to the diffusional
cases of mass transfer, to provide a unified theory for 
adsorption and ion exchange in fixed-bed column operations. 
The general solution is given (29) as:
*A =  —  =■  j ( rS-T )---------------- (33)
CA J(rS.T ) +  /r-'KT-S)[|_j(SjT£p)j
For the case of linear equilibrium kinetics, r = 1, 
equation (33) reduces to
XA =  =  J ( s , r )  <3*>A
For equation (33 and 3*0 the definitions of S and T  
are as follows:
S = Column-capacity parameter.
KmvQf/F
K = General rate coefficient in the transfer-unit 
equation.
T  = Solution-capacity parameter
_m
D
Dc = Limiting distribution coefficient. 
qoo A)
cA a
r “ Equilibrium parameter 
= l/K For ion exchange
=   —  For adsorption
1 ads. o
= 1.0 For linear equilibrium.
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Glueckauf and Coates (18), Vermeulen (6 8), Vassiliou 
and Dranoff (6 7)» Hall, et al. (28), Johnson (3 6 ), Tien 
and Thodos (6 6), Rosen (5*01 and Ferrell, et al. (16), a- 
mong others, have solved the set of equations (2 3 ), (2^), 
and (2 5 ) for different types of mass transfer rate laws 
and adsorption isotherms. The results are given both in 
the form of analytical or numerical solutions. Analytical 
solutions usually applied to linear equilibrium or to ir­
reversible adsorption.
Longitudinal Dispersion Models: All the theories consid­
ered in the preceding section have in common the assumption 
of zero longitudinal diffusion. In the following para­
graphs a brief discussion will be given on those rate 
theories which assume finite axial dispersion coefficient 
and infinite mass transfer rate (zero mass transfer resis­
tance) .
For this case the equation of conservation of matter 
takes the form {1 0)a
Lapidus and Amundson (39) solved equation (35) giving 
analytical solutions for problems of linear kinetics (fi­
nite rate of adsorption). The same authors treated the 
special case in which the feed solution contains a pulse 
in composition. For this case their analysis gave the fol­
lowing expression for the effluent history of a solute:
(35)
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:(X, t) _  H=  n (v) 'I (v - V), v <  V C  CO
(36)
=  l-l(v) V <  V
Where: |-|(v) “ *£ l + €rf LfeX—  
47<y. D
- x , / m  V 4v D
Vx
D  erfc L w d  ■ + x
(37)
erf and erfc = error and complementary
error functions respectively.
v = Vt Oi
V = Fluid velocity through the bed. 
a  = Fractional void volume.
t = Time variable
X = Distance variable along the bed.
V  = Pulse volume.
In 1957* Lightfoot (42) gave the solution to the case 
of non-linear isotherms applicable to constant-pattern 
fronts generated under equilibrium conditions. Constant- 
Pat tern fronts are those in which the shape of the band
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becomes independent of time after it has traveled a suffi­
cient distance down the bed. Several other investigators 
have studied the effects of axial dispersion on adsorption 
in packed beds. In most cases, the effects were found to 
be negligible.
Multicomponent Adsorption
Any of the single solute adsorption theories presented 
up to this point may be extended to treat the problem of 
multicomponent adsorption in packed beds for the particular 
case of no solute-solute interactions. If that is the 
case, other mathematical models have been proposed.
In 1940, Wilson (75) gave the first mathematical de­
scription of multicomponent adsorption on the basis of in­
stantaneous equilibrium between the solid adsorbent and the 
solution and zero longitudinal diffusion. Wilson assumed 
a Langmuir type multicomponent adsorption isotherm, because 
"it affords a convenient representation of the effect of 
one solute in lowering the adsorption of another".
De Vault (14) also outlined a procedure for multi- 
component adsorption, but gives no solutions however, De 
Vault suggests that information on adsorption isotherms 
can be obtained from the diffusion boundaries of chro­
matograms .
Walter (71)* 1945* presented a general theory for 
adsorption of solutes from solutions. Walter assumed a 
chemical equilibrium between the adsorbed material and
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the solution, and presents a detailed discussion of a two 
component adsorption. A brief consideration is given for 
the case of various components with other types of adsorp­
tion isotherms. Coates and Glueckauf (9), 19^6, presented 
solutions for the development of binary chromatograms. The 
results are given both for the general case and for the 
special case of the Langmuir isotherm. In that paper, the 
authors introduce the concept of pseudo-adsorption isotherms 
in mixed bands, by means of which the problem is reduced to 
a single solute isotherm case. In another paper, Glueckauf 
(1 9 ), 19^7 , shows a method to calculate the distribution of 
solutes in a binary chromatogram following the Freundlich 
adsorption isotherm.
In general, for an n-interfering solute system, the 
full mathematical description of the system will require 
the writing of n continuity equations, n mass transfer 
equations, and the appropiate boundary and initial condi­
tions. Since the set of equations will be coupled, deter­
mination of the effluent history for any solute will re­
quire a simultaneous integration of the set.
Various investigators, Johnson (36), Cooney and 
Lightfoot (11), Crittenden (12), Hsieh, et al. (35), among 
others, have presented numerical solutions for the multi- 
component adsorption of interfering solutes tinder different 
conditions of column operation, equilibrium and non-equi­
librium, and different adsorption isotherms. Likewise, 




The application of ion exchange resins to the sugar 
industry is not new; Harms (50), 1896, patented the use of 
a siliceous earth for removing sodium and potassium ions 
from sugar beet juice in order to increase the yield of 
sugar from sugar beets. This process, however, increased 
the amount of cations, calcium and magnesium, in the juice 
going to the evaporators. At the same time, Rumpler (50) 
performed the same experiments. A few years later, 1905» 
Gans (50) by using synthetic zeolites improved the above 
procedure. Due to scaling problems in the evaporators, 
none of the above processes achieved commercial interest.
In 1935> Adams and Holmes (46) discovered that the re­
sulting product from condensation of polyhydric alcohols 
and aromatic amines with formaldehyde had cation and anion 
exchange properties. This discovery opened a new era in 
the manufacture and use of substances with ion exchange 
properties. The use of ion exchange materials for deminer­
alization of sugar solutions by passage successively 
through a cation and anion exchanger was first suggested 
by Liebknecht (46). However, earlier synthetic resins were 
inadequate for sugar work because of their low ash-removal 
capacity, permanent loss in capacity owing to saturation 
with colored materials and poor physical stability, particu-
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larly anion resins. New resins of higher capacity and 
better physical characteristics are now available in the 
market.
From about 19^0, extensive work on the use of ion ex­
change as applicable to sugar solutions has been done. As 
result of this work, different techniques for treating 
sugar solutions with ion exchange materials have evolved. 
One of these techniques is the ion exclusion process, which 
was introduced by Dow Chemical Co. in 1953 (7*0*
Theoretical Considerations
Ion exclusion is a process for separating ionic from 
non-ionic solutes on a bed of ion exchange resins. In this 
particular process no actual ion exchange occurs and the 
resin acts only as an adsorbent.
The ion exclusion process is based on the fact that, 
under equilibrium conditions, electrolytes are efficiently 
excluded from the resin by the Donnan effect, while no such 
exclusion exists for non-electrolytes. It has been found 
that (2 5), in some cases, the electrolyte concentration is 
about 10 times as concentrated in the liquid surrounding 
the resin particle as it is within the bead. If no inter­
actions of any kind exist, the non-electrolyte tends to 
have the same concentration in the resin phase and in the 
external solution; however, this is not always the case. 
Interactions with counter ions, complex formation, salting 
in and salting out effects, and molecular sieve effects,
among other effects, have a strong influence on solute 
distribution between the resin bead and the external solu­
tion. Gregor, et al. (2 5 ) working with Dowex 50 and or­
ganic solutes found that the relative inside and outside 
concentration of a non-electrolyte solute is a function of 
the equilibrium temperature and the ionic form of the 
resin.
When a solution of ionic and non-ionic solutes is 
percolated through a bed of ion e'xchange resin, the non­
ionic solute will enter the resin bead by diffusion and 
remain there, while the ionic material will be hindered 
by the active groups from entering the resin particle and 
remain in the solution around the resin beads. If the 
column is then eluted with pure solvent, the electrolyte 
fraction appears first in the effluent, followed by the 
non-electrolyte fraction. Since no ion exchange takes 
place, no chemical regenerants will be needed.
Simpson and Wheaton (57)» using the plate theory de­
veloped by Mayer and Thompkins and applied to ion exclu­
sion, have shown that the height equivalent to a theoret- 
ical plate is directly proportional to the particle size 
and to the square root of the flow rate, varying slightly 
with the percentage of crosslinkage and feed volume, and 
being independent of column height.
Vassiliou and Dranoff (6 7) proposed a rate model 
equation to investigate the kinetics of ion exclusions 
however, a complete study to determine how the mass trans-
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fer coefficient, k, is affected by process parameters was 
not provided by the authors.
Johnson and Weelock (37) assuming the resin bed as a 
continuous and homogeneous medium in local equilibrium 
with the solution presented a simplified mathematical mod­
el; nevertheless, the model can not be used where mass 
transfer resistances are important.
Several other investigators (10, 26, 44, 55t 57) have 
presented studies on the ion exclusion process as applied 
to different feed materials .and operating conditions.
Principle of Operation of Ion Exclusion
Basically, a column is filled to the desired depth 
with an ion exchange resin and flooded with a solvent, 
which in most cases is water. A volume of feed solution 
containing two or more separable solutes is then added to 
the top of the resin bed. The feed' volume should be con­
siderable less than the total internal volume of the resin. 
As soon as all the feed has entered the top of the resin 
bed, the elution of the solutes is started by admitting 
pure solvent to the top of the bed. As the feed solution 
passes down the column, a gradual separation of the solutes 
takes place, and when they appear at the bottom of the bed, 
they may be totally separated. In a commercial applica­
tion, however, a complete separation is not believed to be 
economically feasible due to the small feed volume re­
quired for such separation and, in several cases, the ex-
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cessive dilution of the different product fractions.
To increase productivity of an ion exclusion column, 
or minimize dilution, several modifications to the above 
procedure have been introduced, i.e., fraction recycling 
(56), continuous ion exclusion (38, 51 )•
. Ion exchange materials suitable for ion exclusion are 
those containing ion active groups in a highly ionized 
form, having a relatively open structure, and which do not 
cause considerable chemical reactions with the feed solu­
tion.
The effects of the operating variables such as tem­
perature, flow rate, particle size, etc., on the efficien­
cy of the ion exclusion process for a particular separa­
tion, i.e., purification of crude glycerin, purification 
of sugar solutions, have been studied and published by 
several investigators as shown by the literature (26, 3 0 , 
32, 34, 38, 49, 58, 59, 6 0 ).
In order to use the ion exclusion process to recover 
the sugar fraction from the final molasses, the feed mate­
rial has to be pretreated to eliminate, as much as possi­
ble, both suspended and colloidal matter. Otherwise, these 
materials may form a gummy and leather-like, almost imper­
meable layer over the top of the packed bed. Also, the 
calcium and magnesium content must be reduced to the lowest 
possible level, since these constituents and other divalent 
ions have a detrimental effect on the ion exclusion pro­
cess.
The present investigation was divided into two main 
areas:
A. An exploratory study on different schemes to 
pretreat cane blackstrap molasses, and
B. Demineralization studies using an ion exclusion 
column and pretreated molasses. The effects on the sug- 
ars-non sugars separation of temperature, flow rate, par­
ticle size, length/diameter ratio, feed volume, and per­
centage of resin crosslinkage were investigated.
Summary on Literature Survey
In the previous sections, an outline of the various 
models which have been applied to adsorption of solutes 
on a bed of solid adsorbents has been presented. The var­
ious models may be grouped into three categories: (1)
Plate theories, (2) Equilibrium theories, and (3) Non­
equilibrium theories. Analytical solutions for adsorption 
of a single solute have been presented from all these 
theories assuming linear adsorption equilibrium and/or 
linear kinetics. For other types of adsorption equilib­
rium, rate processes, and multicomponent adsorption, numer­
ical solutions are required.
The different theories presented above, except the 
plate theories, may be used to predict breakthrough curves 
for the case of saturation of beds of solid adsorbents, or 
elution curves for the case of regeneration. The plate 
theories are applied, in general, to the separation of 
solutes in a bed of solid adsorbents.
CHAPTER III 
EQUIPMENT AND ANALYTICAL METHODS 
EQUIPMENT
Pretreatment Process
A Sargent Welch pH meter, model PBL, attached to a 
Sargent Welch model S-300?2-20 electrode, was used for 
clarification and inversion studies.
The concentration of the molasses as °Brix was deter­
mined with an AO Abbe refractometer model 10^50.
The absorbance of the different materials was read 
using a Bausch and Lomb spectrophotometer model Spectronic 
21.
Ion Exclusion Process
A schematic process flow sheet of the equipment used 
in the experimental program is given in Figure 6. The 
main parts of the equipment are briefly discussed in the 
following paragraphs.
Columnt The heart of the experimental apparatus was the 
packed column. Its function was to hold the bed of resin 
particles. Two columns were made of Pyrex glass pipe, 
one of 1-inch diameter 4-8 inches long, and the second one
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of 2-inch diameter Ik inches long. Both columns were water 
'jacketed for temperature control. The packing was sup­
ported over 1 inch of glass wool for the 1-inch diameter 
column, and over a monel screen for the 2-inch diameter 
column. In both cases, the connections from the column 
to the fraction collector were made in such a way as to 
minimize the volume of the connecting accesories. 
Circulating Water Bath: The packed column was maintained
at the desired temperature by circulating Water through 
the column jacket. A Haake circulating water bath model 
D2-L was used for this purpose. The temperature control 
accuracy for this particular model was ± 0.03 °C.
Effluent Pump; The flow of liquid through the column was 
controlled by regulating the speed of the pump. This was 
an Amicon LP-1 pump assambled with a Masterflex head pump 
model 701^. Silicone tubing of 0 .0 6 3 inch inside diameter 
was used.
Fraction Collectori The outlet line from the effluent pump 
was connected to the fraction collector, which had a capac­
ity of 200 test tubes of approximately 18 cubic centimeter
fcapacity each. A fraction collector manufactured by 
Buchler Instrument model Fractomette Alpha 200 was used. 
Conductivity Meter: The conductivity of each fraction
from the fraction collector was read in a conductivity 
meter model CDM-3 made by Radiometer, Copenhagen.
Solvent! Distilled-deionized water was used for all the 
experimental work.
U3
Packing: Strongly acidic cation exchange resins composed
of sulfonic acid exchange groups attached to a styrene 
divinylbenzene polymer matrix were used.
Dowex 50-X8, 50/100 and 20/50 mesh size, Dowex 50-X^, 
50/100 mesh size, and Ionac CF-4, 20/50 mesh size were the 
resins used during the present investigation.
High Pressure Liquid Chromatograph: A Waters Associates 
High Pressure Liquid Chromatograph, HPLC, ALC 200 series, 
equipped with a model 6000A solvent delivery system, a 
model ^ 0  refractive index (RI) detector, and Waters Asso­
ciates Data Module model 730, version 3» was used.
A column 61 cm long by 0 .7 8 cm inside diameter and 
packed with Aminex resin Q150S, potassium form was used.
Raw Material: The feed material for the ion exclusion

















Thickening Test: To determine the rate of settling of the
precipitate during the clarification experiments, the 
thickening test (640, procedure A, which is recommended
for solutions having a solid content between 2 and -̂0 per­
cent by weight, was used.
The hot treated molasses was mixed with one third of 
the flocculant solution by pouring the molasses into the 
flask containing the flocculant, and pouring this mixture 
back into the flask initially containing the molasses.
This procedure was repeated three times, after which the 
second-third of flocculant solution was added and mixed 
using the same procedure. After addition and mixing of 
the last third of flocculant solution, the mixture was set 
at rest. At given intervals of time, the solid/liquid 
interface was recorded. The solid/liquid interface level 
at an "arbitrary" time of 5 minutes, reported as percent­
age of mud in 5 minutes, was used as a means to compare 
the different treatments with each other.
Percentage of _ 100 x (Volume of Mud) ( B̂)
Mud in 5 minutes Total Volume of Solution
Total Hardness Determination; Total Hardness analyses were 
made on all clarified molasses using the EDTA titrimetric 
method (4). All molasses samples were diluted to 2 to 5 
°Brix range, treated with food grade activated carbon at 
1^0 °F. for 5 minutes, let cool to room temperature, fil­
tered under vacuum through a 0.^5 micron millipore filter 
and titrated. Detailed procedure, and sample calculations 
are given in Appendix A. Results from these analysis are 
reported as percent of total hardness as Calcium Carbonate 
on total solids as °Brix.
Some calcium and magnesium determinations were done by 
atomic absorption on samples taken from the inversion stud­
ies. These analyses were performed at the Feed and 
Fertilizer Laboratories at Louisiana State University.
Ion Exclusion Process
Conductivity Determination; The conductivity was used as a 
measure of the ionic strength of the solution coming out of 
the column. The conductivity was directly read from the 
conductivity meter, and it is reported in Milli Siemens/cm. 
(M.S./cm.)
Reducing Sugars and Non-Sugars Analyses; Determination of 
reducing sugars and non-sugars on each fraction collected 
was done by high pressure liquid chromatography (HPLC). 
Briefly, the samples were diluted from 2 to 6 °Brix, 
filtered through a 0.^5 micron millipore filter, and in­
jected (20 microliters) into a previously calibrated HPLC 
apparatus.
The results given in grams/liter for the different 
components in the sample were obtained after 10 minutes of 
the injections through a Data Module attached to the HPLC, 
Detailed procedures for calibration and analyses are 





Blackstrap molasses (final molasses) was defined as a 
by-product in the large scale production of sucrose from 
either sugar cane juice or sugar beet juice. It is a 
heavy, viscous liquid separated from the final low-grade 
massecuite from which no further sucrose can be obtained 
by the usual method of crystallization.
Final molasses contains most of the non-sugar compo­
nents of the initial juice, together with a portion of 
sucrose and invert sugars (glucose and fructose).
As stated in Chapter II, the final molasses has to be 
pretreated before it can be used as feed to the ion exclu­
sion columns. For the present investigation, the pretreat­
ment process consisted of two steps: (1) clarification, 
and (2) inversion. These two steps are briefly discussed 
in the following paragraphs'.
Clarification Studies
The clarification process as used in the cane raw
k6
sugar manufacture universally employs lime and heat as the 
agents for juice clarification (48). The lime and heat 
treatment forms a heavy and flocculent precipitate whose 
composition is a mixture of CaHPO^ and Ca^fPO^Jg (8). 
Because of its flocculent form, this precipitate adsorbs 
and entraps other non-sugars, gums, albumin, waxes, that 
are precipitated by the reaction change, the heat, and the 
lime itself. It has been recognized that the phosphate 
content (as P20 )̂ "the juice, which should be greater 
than or equal to 0.03 percent, is one of the most impor­
tant factors for an efficient cane juice clarification.
For juices with lower than 0.03 percent of P20<j content, 
some kind of soluble phosphates or phosphoric acid is added 
to bring the' percentage of P20^ to the minimum value. To 
improve flocculation, settling rates, and to decrease mud 
volume synthetic flocculants are widely used. Also, spe­
cial clarification processes, i.e., sulphitation and 
carbonation, are used to clarify juices. In the production 
of refined cane sugar, phosphoric acid and lime are common­
ly used for liquor clarification.
From a literature survey on desugarization process of 
cane blackstrap molasses (33« 34, 3 2 , 58), and from the 
history of phosphoric acid and phosphates as clarifying 
agents, it was decided to use phosphoric acid in the pre­
sent investigation. In the literature (33) i difficulty of 
separating the very small particles of precipitate formed 
during the molasses treatment with phosphoric acid has
been reported.
The clarification process as used during this experi­
mental phase, essentially consisted of addition of diluted 
phosphoric acid to the molasses to a given pH, keeping 
this pH for a certain period of time, and neutralization 
with sodium hydroxide to another pH. If the molasses was 
at room temperature before addition of the acid, the treat­
ment was called cold clarification, otherwise, it was 
called hot clarification.
The effectiveness of the treatment was judged by the 
sharpness of separation of the precipitate, its rate of 
settling, and the amount of total hardness removed from 
the treated sample. Several mechanisms were tried to ob­
tain the best possible results.
The °Brix of the molasses, temperature before chemi­
cal treatment, pH of the treated molasses, dilution of 
molasses after chemical treatment, flocculant concentra­
tion, and temperature of the flocculant solution were the 
variables investigated.
About one hundred preliminary clarification tests 
were performed to’develop a "feel" for the effects of 
these variables, after which, the experiments were con­
ducted in such a way as to change one variable at a time 
while keeping the others constant.
Inversion Studies
The first experiments on ion exclusion were carried
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out using as feed clarified cane blackstrap molasses. The 
results of these experiments showed three different frac­
tions of material coming out of the columnt a non-sugar 
fraction (high molecular weight components, polysacharides, 
ionic material, etc.), a sucrose fraction, and an invert 
sugar (glucose plus fructose) fraction. The sucrose frac­
tion had a considerable overlap with the other two frac­
tions. For this reason, and in order to facilitate the 
study of the effect of the different variables to be inves­
tigated on the efficiency of the ion exclusion process, it 
was decided to invert the feed (cane blackstrap molasses). 
In this way, there would be only two fractions leaving the 
column, namely, a non-sugar and a reducing sugar fraction.
The inversion studies were oriented to determine the 
effect of temperature, reaction time, and type of mineral 
acid on inversion. Also, two inversion experiments were 
conducted using the enzyme invertase. The following min­
eral acids were used: phosphoric, sulfuric, and hydro­
chloric acid.
A typical run was conducted as follows: 150 ml of 
molasses (previously diluted 1:1 by weight) were placed 
in a 500 ml, three-necked flask, fitted with thermometer, 
water-cooled reflux condenser, magnet stirring bar, and an 
electrode connected to the pH meter. The molasses was 
heated in a water bath, with stirring, to the desired tem­
perature, at which point the acid was added to a given pH. 
Ten minutes after the acid addition, a two milliliter sam-
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pie was taken, cooled in ice-water, and immediately analyzed 
in a high pressure liquid chromatograph. Thereafter, two 
milliliter samples were taken at 20, 3 0 , ^5» and 60 minutes, 
and likewise analyzed for sucrose, glucose, and fructose 
concentration.
ION EXCLUSION PROCESS
A description of the ion exclusion process along with 
some theoretical considerations and applications were given 
in Chapter II.
The following procedure was adopted for each experi­
mental runs
1. The glass columns were filled with resin to ob­
tain approximately 550 cm^ of packed bed in each column.
They were backwashed and drained 3 times to obtain the ex­
act resin volume,
2. Each time a new resin was going to be used, it 
was first converted to the sodium form according to the 
procedure given in Appendix B2.
3. The circulating water bath was turned on, and 
water was introduced to the top of the bed at the desired 
flow rate. The column was run for about 3 hours before 
introduction of the sample.
k. The water in the column was drained to the top of 
the resin bed. A given volume of inverted molasses was 
then introduced to the top of the column and allowed to 
percolate. As soon as the molasses level was again at the
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top of the resin bed, rinse water was introduced to start 
the elution process.
5. The effluent from the column was collected by 
fractions through an automatic fraction collector.
6. HPLC analyses, conductivity, and °Brix were deter­
mined for each fraction. The results were plotted as 
W./W? and conductivity vs Ve/V̂ .. W^/W° is the ratio of the 
weight of the component in the effluent to the weight of 
that component in the feed, and V /V. is the ratio of the
6  X
volume of the effluent to the total bed volume (bulk resin 
volume). Also, cumulative graphs of W./W? vs Va/V+ were© X
made for each experimental run.
Experimental Design
Six variables were chosen for investigation: tempera­
ture, flow rate, resin particle size, resin percentage of 
crosslinkage, feed volume, and length/diameter ratio. A 
non-replicate two factorial experimental design was used 
to explore the effects of the variables on the efficiency 
of the ion exclusion process. The general approach was to 
select two experimental levels for each variable and to 
carry out ion exclusion trials at specified combinations 
of these levels, A total of 64 possible combinations (2^) 
are obtained from 6 variables at two levels each.
A two factorial experimental design is reported to be 
one of the most efficient methods when the effect of chang­
ing two or more factors (variables) in a particular system
52
is to be studied (13). On the effectiveness of a two fac­
torial experimental design, Davies (13) gives the follow­
ing conclusions!
1. It gives the maximum efficiency in the estimation 
of the effects when no interactions exist.
2. A factorial design is necessary to avoid wrong 
conclusions when interactions, whose nature being 
unknown, exist.
3. The effect of a factor is estimated at different 
levels of the other factors, and the conclusions 
are valid over a wide range of conditions.
The experimental data was analyzed using a computer 
program, SAS program, for analysis of variance, available 
through the System Network Computer Center at Louisiana 
State University.
Experimental Levels of the Variables
Prior to the start of the ion exclusion experiments, 
it was necessary to choose the experimental levels for the 
variables. Some considerations were involved in selecting 
the appropiate levels, and they are discussed in the follow­
ing paragraphs.
Resin Particle Size and Resin Percent of Crosslinkage» The 
use of a strongly acidic, 4 percent crosslinked gel-type, 
cation exchange resin has been reported in the literature 
(15. 26, 3 0 , 3 8 , ^9 , 58, 59» 6 0, 63» 7 8) for the separation 
of sugars from ionic impurities, A resin 50/100 mesh size
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was used in nearly all cases. For this reason, 50/100 
mesh size and 4 percent crosslinkage were chosen as the 
low experimental level for those variables. The values 
20/50 and 8 percent were then selected for the high exper­
imental level of the resin particle size and resin percent 
of crosslinkage respectively.
Feed Volume: Values ranging from 3*8 to 20 percent bed
volumes have been reported in the literature (2 6, 6 0 , 6 3). 
For the present investigation a value of approximately 
and 11.0% was chosen for the low and high level of this 
variable.
Flow Rate; The approximate values of 1.8 and 3.0 
ml/min.cm were selected from preliminary experiments on 
ion exclusion using as feed clarified cane blackstrap mo­
lasses.
Length/Diameter Ratio: This variable was included in order
to determine the effect of the physical characteristics of 
the column on the effectiveness of separation by ion exclu­
sion. The high experimental level was about 44.0 and the 
low about 5*4.
Temperaturei Since the clarified molasses to be used for 
ion exclusion will have a temperature around 80 to 90 °C., 
it was decided to use 80 °C. as the high level for temper­




The results of the experimental runs that were con­
ducted are presented in this chapter. The results are 
given both in tabular and graphical format.
Pretreatment Process
Clarification Studies
About one hundred preliminary experiments were per- 
fomed on clarification of cane blackstrap molasses by 
phosphoric acid treatment. The results corresponding to 
these experiments are given in Tables I through X in Appen­
dix C. The objective of the preliminary experiments was to 
obtain an idea of the effects of the variables investigated 
on clarification of molasses. Based on those experiments, 
sixty two additional runs using phosphoric acid treatment 
were perfomed. The results of these additional runs are 
shown in Tables I through VI.
Summary of Best Conditions
The values or range of values of the investigated 
variables which gave the best results were extracted from
54
55
Tables I through VI, and are presented in Table VII. Best 
results were considered those giving the highest percent 
reduction in total hardness and the lowest value in percent 
of mud volume in an "arbitrary" settling time of 5 minutes. 
It is recognized that any time could have been chosen as 
settling time; however, during the initial experiments, 
it was found that most of the treated molasses settled in 
a period of 0 to 15 to 20 minutes or not settled at all, 
most of the precipitate being settled in the first 10 min­
utes. Therefore, it was decided to use a percent of mud 
in 5 minutes, approximate half point of the initial settling 
time, as a desirable target.
TABLE I. Pretreatment Process. Clarification Studies.
Effect of pH.
Molasses Concentrations 38.4 Brix.
Molasses Initial pH: 5*7 0Molasses Temperature before treatment: 210 F.
Flocculant Stock Solution: 0.02 Wt. Percent.
Flocculant dilutions 25 ml. Stock Solution to
200 ml. with deionized 
water (25/2 0 0).
Temperature Diluted Flocculant Solution: 145 ?•
Reaction Time at pH(l): 5 Minutes.
Run Treatment % Mud
Number pH( 1) pH( 2) In 5 M;
CT-01 5.0 7*3 47.6
CT-03 4.0 7-3 51.1CT-o4 3.0 7.3 42.6
CT-05 5-7 7.3 10.7CT-06 8.0 7-3 100.0CT-07 2.3 7-3 25.5CT-08 3-9 3.9 11.6CT-09 4.0 5.2 11.9CT-10 4.0 6.0 20,0
CT-11 4.0 7.3 ^7.7CT-12 4.0 8.0 54.6
CT-13 4.0 4.0 11.8
°Bx. Clear # T. Hardness 
Molasses Reduction
25.5 51.3
2 5 . 8 77.9
2 5 . 6 82.1
25.5 2 9 . 626.3(C)* 37-725.4 8 1 . 9
2 5 .I 20.7
25.^ 45.824.8 58.0
2 5 .O 77.225.8 79.0
24.9 17.0
* (C) Stands for clear molasses obtained by
centrifugation.
TABLE II. Pretreatment Process, Clarification Studies, 
Effect of Flocculant Addition.
Molasses Concentration: 38.7 Brix.
Molasses Initial pH: 5*7Molasses Temperature before treatment: 210 F
Flocculant Stock Solution: 0.02 Wt. Percent.
Temperature Diluted Flocculant Solution: 145
Reaction Time at pH(l): 5 Minutes.
pH Treatment: pH(l) =4.0
pH(2) = 7 .3
Diluted Floe. 
Run Solution 







CT-14 20 38.3 23-7 73.6CT-15 15 46.7 2 5 .I 77.9CT-16 20 47.0 24.9 74.8CT-17 15 44.4 25.1 78.5CT-18 10 51.1 2 5 . 2 77.0
CT-19 5 35.6 24.4 71.1CT-20 10 46.7 25-3 6 9 . 8CT-21 5 35.6 24.2 7 0 .1CT-22 0 5 0 . 0 2 5 . 1 7 0 . 1







TABLE III. Pretreatment Process. Clarification Studies.
Effect of Molasses Temperature
Molasses Concentration: 38.7 °Brix
Molasses Initial pH: 5*7
Flocculant Stock Solution: 0.02 Wt. Percent.
Temp. Diluted Flocculant Solution: 145 °F« 
Reaction Time at pH(l): 5 Minutes.
pH Treatment: pH(l) = 4.0
pH( 2) = 7-3
Temp.
Molasses

























6 9 .5 0
67.70
VjnCO
TABLE IV. Pretreatment Process. Clarification Studies.
Effect of Reaction Time at pH(l)
Molasses Concentration: 38.8 Brix.
Molasses Initial pH: 5-7
Molasses Temperature Before Treatment: 210 P.
Stock Solution of Flocculant: 0.02 Wt. Percent.
Dilution of Flocculant Stock Solution: 25 ml./200 ml.
Temp, of Diluted Flocculant Solution: 145 °F.











CT-27 5 46.7 24.8CT-28 5 5 0 .0 24,4CT-29 5 49.4 - 24.5CT-32 10 5^*9 2 7 . 0
CT-33 0 42.2 24.7CT-34 1 3 8 . 0 2 3 .I
CT-35* 5 41.7 25.4CT-36** 5 3 6 .2 2 6 . 0




72.7 7̂ .7 70.6 
80.0 
84.6
pH Treatment: pH(l) = 3*0
pH(2 ) = 7 .3
** pH Treatment: pH(l) = 2.3
pH{2) = 7.3








Effect of Dilution Water Temperature
Molasses Concentration: 38*8 °Brix,
Molasses Initial pH: 5-7
Molasses Temperature Before Treatment: 210 °F.
Dilution Water: 80 fo  Molasses Volume.
Reaction Time at pH(l): 5 Minutes.
pH Treatment: pH(l) = 4.0









fo Mud in 
5 Minutes
44.9 




















* No dilution water was added to the molasses.
TABLE VI. Pretreatment Process. Clarification Studies.
Effect of Molasses Concentration 
Molasses Initial pH: 5-7
Molasses Temperature before Treatment: 210 F.
Stock Solution of Flocculant: 0.02 Wt. Percent.
Reaction Time at pH(l): 5 Minutes.
























(C) = Clear molasses by centrifugation 












2 8 .8 100 .0
--- ---- 23.5 1 0 0 .0 33.5(C)--- ---- 23.3 1 0 0 .0 30.7(C)--- ---- 2 9.I 1 0 0 .0 35.5(C)
--- ---- 1 8 .0 1 0 0 .0 23.6(C)
2 1 0 0 /100 38.4 6 5 .0 33.1145 0 /200 54.8 77.0 33.6145 25 /200 38.4 40.7 2 7 .2
145 2 5 /2 0 0 38.4 82.0 2 3 .8
145 0/200 58.9 87.0 3^.8145 0/200 49.3 42.6 3 1 .0145 0/200 42.6 45.8 28.2









7 7 .0 0  































0 - 2 0  ml./200 ml.
180 - 210 F .
0 - 5  Minutes.
1^5 - 210 °F.
38.0 - ^3.0 °Bx.




The results of the inversion of sucrose in pure solu­
tion and in cane blackstrap molasses, and the results of 
calcium and magnesium determinations by atomic absorption, 
which were perfomed on clarified molasses are shown in 
Tables VIII through XIV.
Summary of Inversion Studies
The results obtained under the best pH and temperature 
conditions are summarized in Table XV, To compare the ef­
ficiency of inversion, the following parameters were cal­
culated:
f  Sucrose _ Wt. Sue. § time zero - Wt. Sue. @ time t 1nn
Inversion - Wt. Sue. @ time zero
(39)
f<> T , H. _ f> T.H. before Inv. - fo T.H. after Inv. 1nr. 
Reduction f> T.H. before Inv.
(40)
Where: %  T.H. is the percent of total hardness
(Ca + Mg) determined as CaC03.
6U
TABLE VIII. Pretreatment Process. Inversion Studies.
Sucrose Inversion by Phosphoric Acid
Concentration of Sucrose Solution* 0.2 g/l. 





pH = 4.5 
22 °C.
pH = 2 . 5  
22 °C.
pH = 2.5 
55 °C,_
pH = 2.5 
95 °C.
10 3 0 . 0 8 30.25 29.49 19.46
20 3 0 , 2 0 3 0 . 1 0 29.25 1 3 .1 6
30 3 0 . 2 1 30.05 28.81 8.43
45 30.36 29.97 28.86 4.00
6o 30.03 3 0 . 0 8 2 8 . 8 5 2.23
TABLE IX. Pretreatment Process. Inversion Studies.
Molasses Inversion by Phosphoric Acid
Molasses Concentration: 40.9 Brix.
Molasses Initial pH: 5*7
Molasses HPLC Analysis: Sucrose = 16.912 Wt. Percent.
R-Sugars = 10.737 Wt. Percent.
Reaction pH = 2.5Time ---------------
Minutes. 24 °C. 55 °C.
10 2 8 .8 7 5 27.530
20 29.148 2 8.055
30 29.055 27.402
45 28.598 26.490
6o 28 .699 2 6.149
Sucrose, Grams.
— —  pH = '3.5
95 °C. 55 °C. 95 °C.
15.251 30.378 27.791
6 .2 3 8 29 .9 2 2 25.733
2.775 30.304 23.422
1.781 30.051 19.584
1 .3 1 0 2 9 .7 6 9 16.534
pH = 4.5
24 °C. 55 °C. 95 °C.
29.715 2 9 .8 4 7 29.998
29.985 30 .4 5 1 2 9 .6 9 0




TABLE X. Pretreatment Process. Inversion Studies.
Molasses Inversion
Molasses Concentration: **0.9 Brix.
Molasses Initial pH: 5*7
Molasses HPLC Analysis: Sucrose = 16.912 Wt. Percent.
R-Sugars = 10,737 Wt. Percent.
Sucrose. Grams




. pH = 2.5 pH = 2.5 pH = **.5_.
25 °C. 55 °C. * 9 5 . % 2J5L °c. 51_°c. 25., °c.. 101 Me. 201 Me.
0.5 mm _ _ 2 9.2**8
1 0 .0 29 .8 0 6 2 9 .2 1 9 15.932 2 8 .1 0 8 13.962 - -
1 5 .0 - - - - - - 2 1 .3 8 6 15.3^920.0 2 9 .9 3 7 28. **65 8.768 27.777 2 7 .0 2 9 6.080 - -
3 0 . 0 2 9 .8 0 5 27.739 5.186 28.701 2 6 .7 3 1 3.959 1**.192 7.63****5.0 29 .9 7 8 2 7 .1 2 1 2. **66 2 7 .9 7 2 2 6.06** 1.991 9 . **56 -6o.o 29 .7 3 9 2 6 .78** 1.586 28.038 2 5 .**6l 1.52** 6 .2 9 2 -75.0 - - - - - - **.532 1.158
O n
ON
TABLE XI. Pretreatment Process, Inversion Studies
Total Hardness (T. H.) Results. Atomic Absorption Analysis
Phosphoric Acid Treatment
Molasses Concentration: 40.9 °Brix.
Molasses Initial pH: 5*7
Temperature of Inversion: 95 C.
Clarified Molasses
Sample Treatment Ca Mg Ca + Mg T. HiNumber pH( 1) pH(2) Wt. % wt. % Wt. % Reduc-
Original 5-7 5-7 0.43 0 .1 5 0.58Original 5.7 5.7 0.38 0.15 0.53 -Original 5.7 5.7 0.38 0 .1 5 0.53 -Original 5.7 5*7 0.37 o.l6 0.53 -
Average 5.7 5.7 0.39 0.15 0.54 -
5 3.5 6.9 0.16 0 .0 3 0 .19 653 4.0 6.9 0.17 0.04 0 .2 1 611 ^•5 6.9 0.21 0.07 0.28 48
37 2.5 2.5 0 .3 0 0 .0 9 0.39 2839 2.5 5.1 0.11 0 .0 7 0.18 6741 2.5 6.0 0 .0 6 0 .0 5 0.11 804 3 2.5 6 . 9 0.04 0 .0 3 0 .0 7 8720 2.5 6.9 0.01 0.04 0 .0 5 9119 2.5 6.9 0.01 0.04 0 .0 5 9118 2.5 6.9 0 .03 0 .0 5 0 .0 8 85
CK“O
TABLE XII. Pre-treatment Process. Inversion Studies.
Total Hardness (T. H.) Results. Atomic Absorption Analysis
Sulfuric Acid Treatment
Molasses Concentration: 40.9 Brix
Molasses initial pH: 5*7














23 2.5 6.9 0.16 0.10 0.26 52
13 3.5 6.9 0 .3 2 0 .1 3 0.45 179 4.5 6.9 0.39 0 .1 5 0.54 0
31 2.5 0 .1 6 0.10 0.26 52
29 2.5 4.6 0.1? 0.10 0 .2 7 50
TABLE XIII. Pretreatment Process. Inversion Studies.
Total Hardness (T. H.) Results. Atomic Absorption Analysis
Hydrochloric Acid Treatment
Molasses Concentration: *1-0.9 Brix.
Molasses Initial pH: 5*7
Temperature of Inversion: 95 C.
Clarified Molasses
Sample Treatment Ca Mg Ca = Mg T. Hardness
Number pH(l) pH(2) Wt. % Wt. # Wt. % Reduction •
16 2.5 6.9 0.26 0.12 0.38 32
15 2.5 6.9 0.25 0.12 0.37 30





Total Hardness (T. H.) Results. Atomic Absorption Analysis
Enzyme Invertase Treatment
Molasses Concentration: 40,9 °Brix,
Molasses Initial pH: 5«7
Temperature of Inversion: 95 C.
Clarified Molasses
Treatment Ca Mg Ca + Mg %* T. Hardness
pH(1) pH(2) Wt. % Wt. % Wt. % Reduction
4.5 4.5 0.35 0.12 0.47 13
4.5 6.9 0 .2 3 0.05 0.28 48
o
TABLE XV. Pretreatment Process. Inversion Studies
Summary Results
Molasses Concentration; ^0.9 Brix.
Molasses Initial pH; 5*7












fo  O f
Inversion
h3po^ 95 2.5 60 96
HC1 95 2.5 60 95
h2so^ 95 2.5 60 95
Invertase 












* f> of inversion at 60 minutes obtained by interpolation.
72
Ion Exclusion Process
The experimental data corresponding to these studies 
is presented in Appendix D. Elution curves, cumulative 
elution curves, and a set of curves depicting the product 
"purity" versus the product recovery corresponding to the 
ion exclusion trials 35 through 4l are also presented in 
Appendix D. The rest of curves corresponding to the other 
trials are in file at the Audubon Sugar Institute,
A sample of the experimental data and curves is shown
in Table XVI, followed by curves 7, 8, and 9» The typical
elution curve is shown in Figure 7, where the ordinate 
represents the weight fraction of the i solute, namely, 
non-sugars (N-Sugars) or reducing sugars (R-Sugars), with 
respect to its initial weight in the feed. The abcissa 
represents the effluent volume given as Ve/V^, where -V̂  
is the total bed volume. Figure 8 represents a cumulative 
elution curve. In this case, the weight fraction of the 
i solute that has come out of the column up to a given 
fraction number is plotted against that particular fraction 
number in VVV. units. A set of values for product purity6 X
versus product recovery were taken from the cumulative 
elution curves and are shown in Figure 9.
For this investigation, purity is defined as the




WEIGHT PERCENT DISTRIBUTION. ION EXCLUSION TRIAL - 34
Dates 11/3/1980 Packings Dowex 50W-X4, Na+
Bed Heights 114.3 cm. Bed X-Areas 5*04 sq.cm.Packing Mesh Sizes 50/100 Feed Vol.s 20 cu.cm.
Feed Injection At: Sample 3 Eluant: Deionized Water
Feed N-Sugarss 18.2 7 1 6 wt.$> Feed R-Sugars: 1 9 .0 7 4 7 wt.$Avg. Flow Rates I .78 cu.cm./min.sq.cm. Temperatures 50°C
_________________________ FRACTION____________________________
Weight io Weight %  Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
18 0.659 - 0.659
19 2 . 7 3 6 - 3.395
20 4,884 - 8 . 2 7 9
21 7.280 -  15.559
22 11.585 - 27.144
23 19.351 - 46.49524 22.499 - 6 8 . 9 9 4
25 19.417 0 .0 8 5 88.411 0.085
26 8.938 0 .9 0 5 97.349 0 .9 9 0
27 1 .7 2 0 4.648 9 9 . 0 6 9 5 . 6 3 8
28 0.542 8.812 9 9 .6 1 1 14.450
29 0.240 13.628 99.851 28.078
30 0.149 15.809 100.000 43.887
31 - 17.125 - 61.012
32 - 14.873 - 75-88533 - 10.740 - 86,625
34 - 6.777 - 93.40235 - 3.856 - 97.258
36 - 1 . 8 6 7 - 99.125
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Figure 9 . Ion Exclusion Process.









In this chapter the results obtained from the experi­
mental phase are discussed, compared with those found by 
other investigators, and, if possible, a theoretical anal­
ysis is given on why the different results were obtained. 
This chapter is divided into three sections*. (1) clarifi­




This part of the investigation was devoted to studying 
the influence of pH, temperature, molasses concentration 
of cane blackstrap molasses.
Flocculant Addition! High-molecular-weight synthetic 
water-soluble polymers are in common use in the sugar 
industry to improve clarification of either juices in the 
raw sugar manufacture or liquors in the refined sugar 
production.
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The polymer used in the present investigation may be 
represented by the following general structure (64, 73):
In neutral and alkaline solutions, such polymers may 
be classified as anionic, and under acidic conditions as 
cationic.
Since the mechanism by which the flocculant agglomer­
ates the suspended material is unknown, it is suspected 
that the solid particles, which may be electrically posi­
tive or negative {3* 40), adsorb on the long straight- 
chain polymer, forming strong bonds between the solid and 
the flocculant. Since one end of the chain may be ad­
sorbed by one particle, and because of the presence of 
many polymer molecules, the final effect is a quick and 
irreversible agglomeration and flocculation of thfe solid 
particles in suspension. However, the efficiency of the 
flocculant used is notably reduced in high concentrations 
of inorganic anions, such as phosphate ion, and organic 
anions. Their effect on the flocculant is either to re­
duce its viscosity, to precipitate it from solution, to 
salt-out the polymer, or a combination of these effects
Experimental results from the present investigation
(64).
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show that very slow mud settling or no settling at all 
was observed when mixing diluted treated molasses (26 °Bx) 
with undiluted stock solution of flocculant (0.02 Wt. %). 
On the contrary, fast mud settling was attained when 
mixing molasses of about 40 °Brix with very highly diluted 
flocculant, even at low flocculant concentrations. The 
following Table XVII presents this result.
TABLE XVII. Pretreatment Process, Clarification Studies.
Effect of Flocculant Addition
Molasses Temp, before Treatments 210 °F, 
Flocculant Stock Solutions 0.05 Wt, Percent. 
Phosphoric Acid Treatment.
•lasses Treatment % Mud in
°Bx. pH( 1) pH( 2) 5 Minutes
24.4 5.0 7.3 10026.1 5.0 7-3 10026.0 5.0 7.3 10031.4 5.0 7.3 65
39.5 5.0 7.3 73
39.5 5.0 7.3 65
39.5 5.0 7.3 79
Flocculant 
Run Dilution




Cl-62 2 / 1 5 0
Cl-6 3 3/150
At this point, it was necessary to find out if the 
effect on the rate of mud settling was due to the addition 
of flocculant, or simply to the effect of dilution of the 
molasses.
During the course of this .experimental phase, it was 
surprisingly found that the addition of water, which we
called Dilution Water, to the chemically treated molasses 
notably increased the rate of settling of the precipitate. 
This finding would make possible the use of conventional 
separation techniques typically employed in clarifing 
sugar solutions, and avoid the difficulty of separation 
of the mud from the clarified molasses as reported by 
Hongisto and Heikkila (33), who attribute the difficulty 
of mud separation to the fineness of the precipitate. The 
use of centrifugal separators is recommended by these two 
authors to clarify the molasses treated with phosphoric 
acid and sodium hydroxide.
The volume of dilution water strongly affects the rate 
of settling of the precipitate. The higher the volume ► 
used the faster the settling and the sharper the separa­
tion of the precipitate. Casablanca (7), 1937i working 
with cane juices, found that the addition of 20 percent 
of dilution water decreased the settling time from ?8 to 
only 28 minutes.
In the present investigation, excellent results were 
obtained when a volume of dilution water equivalent to 
about 80 percent the volume of the treated molasses was 
used.
The experimental results suggest that under the con­
ditions used, the presence of flocculant has no effect 
on the rate of mud settling. This result may be attribut­
able to the high salts concentration in the solution, as 
stated in the preceding paragraphs.
Table XVIII followed by Figures 10 and 11 summarize 
the results of this experimental phase.
TABLE XVIII. Pretreatment Process. Clarification Studies.
Effect of Dilution of the Stock Solution of 
Flocculant on the Rate of Mud Settling
Molasses Temp, before Treatments 210 °F. 
Flocculant Stock Solution: 0,02 Wt, Percent.
Temp, Diluted Flocculant Solutions 145 °F. 
Phosphoric Acid Treatment.
FlocculantRun Dilution Molasses Treatment % Mud ;Number X ml./Y ml. °Bx. pH( 1) PH(2) 5 Minu'
Cl-45* 1A 2 6 .1 5.0 7.3 100Cl-49* 1/50 2 6 . 0 5.0 7-3 100Cl-61* 1/150 39.5 5.0 7.3 73Cl-62* 2 / 1 5 0 39.5 5.0 7.3 65Cl-63* 3/150 39.5 5.0 7.3 79Cl-78 9/150 39.1 5-0 7.3 63Cl-79 9/150 39.1 5.0 7.3 63CT-14 2 0 / 2 0 0 38.7 4.0 7.3 38CT-16 2 0 / 2 0 0 38.7 4 . 0 7.3 47CT-15 15/200 38.7 4 . 0 7.3 4 7CT-15 15/200 38.7 4 . 0 7.3 44CT-18 10/200 38.7 4 . 0 7.3 51CT-20 10/200 38.7 4.0 7-3 47CT-19 5 / 2 0 0 38.7 4 . 0 7-3 36CT-21 5/200 38.7 4 . 0 7.3 36CT-22 0/200 38.7 4 , 0 7.3 50
CT-37 0/200 38.8 4.0 7.3 45CT-38 0/200 38.8 4.0 7.3 50CT-39 0/200 38.8 4.0 7.3 45
* Flocculant Stock Solutions 0.05 Wt. Percent.
Where: X ml./Y ml. represents X ml. of flocculant













Figure 10. Pretreatment Process. Clarification Studies.





Molasses Concentrations 38.? Bx. pH Treatment: *4-. 0-7.3. 
Molasses Temperature: 210 °F.








Ml. Flocculant/200 Ml. Water.
2.0
1.5




















Figure 11. Pretreatment Process. Clarification Studies.
Effect of Dilution on Clarification of 
Cane Blackstrap Molasses
Molasses Concentration: 38.4/38.8 °Brix.
Molasses Temperature: 210 °F.
Dilution Water Temperature: 145/210 F. 
pH Treatment: pH(l] =4.0 
pH(2) = 7-3 
Reaction Time at pH (1) and (2): 5 Minutes.
Key: © % Mud/5 Minutes.
X fo T, H. Reduction 
O Absorbance/°Brix.

















Temperature t Results of these studies are shown in Tables 
XIX and XX and Figures 12 and 13*
Two groups of experiments were performed related to 
the effect of temperature on the rate of mud settling. The 
first one was concerned with the temperature of the di­
lution water or the diluted stock flocculant solution, 
whichever was used, and the second group with the tempera­
ture of the molasses before treatment.
In both cases, the results show that increasing the 
temperature improves the rate of mud settling. For the 
case of temperature of the molasses before treatment, it 
was found, however, that the effective temperature range 
to increase the rate of mud settling was over 180 °F.
The experimental results may be explained by way of 
the temperature effect on the density of the fluid or by 
way of the theory of suspensions (40). According to this 
theory, increasing the temperature usually increases the 
rate of coagulation. The size of the agglomerates will be 
greater and, consequently, they will settle faster.
Molasses Concentrationt The effect of the molasses concen­
tration on the rate of mud settling did not show a definite 
trend, as shown in Table XXI and Figure 14. However, for 
a given molasses dilution with either diluted flocculant 
solution, or with dilution water, a high molasses concen­
tration tends to give low rates of mud settling. These 
results may be due to differences between the density of 
the fluid and that of the particles. As the concentration
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TABLE XIX. Pretreatment Process. Clarification Studies,
Effect of Temperature of the Diluted Stock
Flocculant Solution, or Dilution Water, on
the Rate of Mud Settling.
Molasses Temp, before Treatment: 210 °F.
Flocculant Stock Solution: 0. 02 Wt. Percent.
Molasses Concentration as °Brix: 38.8-39.2
Phosphoric Acid Treatment.
-Temperature
Diluted Floe. Flocculant % Mu<Run Solution Dilution Treatment inNumber °F. X ml.A ml. pH( 1) P.H(2) 5 Mil
ci-90 14-5 2 1 /1 5 0 5.0 7.3 40Cl-91 68 2 1 /1 5 0 5-0 7.3 71CT-29 14-5 2 5 /2 0 0 4-. 0 7.3 49CT-31 80 2 5 /2 0 0 4. 0 7.3 56CT-30 110 2 5 /2 0 0 4-.0 7.3 4-7CT-56* 14-5 0/200 4-. 0 7.3 4-3CT-57** 14-5 0/200 4-. 0 7.3 4-7CT-6o 80 0/200 4-.0 7.3 76
* Molasses Concentrations 49.3 °Brix.
** Molasses Concentration: 4-7.1 °Brix.
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TABLE XX. Pre-treatment Process. Clarification Studies,
Effect of Molasses Temperature before 
Treatment.
Stock Solution of Flocculant: 0.02 Wt. Percent.
























Figure 12. Pretreatment Process. Clarification Studies.
Effect of Flocculant Solution Temperature on 
Clarification of Molasses.
Molasses Temperature: 210 °F»_
Molasses Concentration: 38*8 Brix.
Flocculant Stock Solution: 0.02 Wt. Percent.
Dilution Floe. Stock Solution: 25 ml./200 ml. 
pH Treatment: pH(l) = ^.0
pH(2) = 7-3 
Reaction Time at pH (1) and (2): 5 Minutes.
Key: X  fo T. H. Reduction.
O f> Mud/5Minutes.






















Figure 13. Pretreatment Process. Clarification Studies.
Effect of Molasses Temperature on Clarification
Molasses Concentration: 38.7 Brix.
Flocculant Stock Solution: 0.02 Wt, Percent.
Dilution Floe, Stock Solution: 25 ml./200 ml.
pH Treatment: pH(l) = 4.0
pH(2) = 7.3 
Reaction Time at pH (1) and (2): 5 Minutes.
Key: fo T.H. Reduction
G> f<> Mud/5 Minutes 
0  Absorbance/°Bx.









increases so does the density of the fluid which adversely 
affects the settling of the precipitated floe.
TABLE XXI. Pretreatment Process. Clarification Studies.
Effect of Molasses Concentration on the Rate 
of Mud Settling.
Molasses Temperature: 210 °F.
Stock Solution of Flocculant: 0.05 Wt. Percent. 
Temp. Diluted Floe. Solution: 145 °F>
42.9 5.0 7.3 100
3 4 . 1 5.0 7.3 65
3 4 . 2 5-0 7-3 71
3 5 . 9 5.0 7-3 54
3 1 . 4 5.0 7.3 65
3 9 . 5 5-0 7-3 73
58.9 4.0 7.3 8747.1 4.0 7.3 4742.6 4.0 7.3 46
2 9 . 8 4.0 7.3 52
Flocculant
Run Dilution Molasses Treatment % Mud in
Number X ml./X ml. °Bx. pH(l) pH(2) 5 Minutes
Cl-53 1/150
Cl-55 1/150Cl-57 1/150
Cl-58 1 /1 5 0
Cl-6 0 1 /1 5 0Cl-61 1/150
CT-55 * 0 /2 0 0
CT-57 * 0 /2 0 0CT-58 * 0 /2 0 0
CT-59 * 0/200
* Stock Solution of Flocculant: 0.02 Wt. Percent.
Total Reaction Time: The results of this part of the in­
vestigation are shown in Table XXII and Figure 15. Al­
though the effect is not clearly marked, it appears that 
the rate of mud settling decreases with increasing the 
reaction time. Since the experiments were performed on an 
open vessel, increasing the time of reaction increased the 
concentration of the molasses, by evaporation, which unfa­














Figure 14. Pretreatment Process. Clarification Studies.
Effect of Molasses Concentration on 
Clarification
'Molasses Temperaturei 210 F.
Molasses Initial pH* 5*7 
Temperature Dilution Waters 14-5 F. 
pH Treatments pH(l) =4.0 
pH(2) = 7.3 
Reaction Time at pH (1) and (2)s 5 Minutes.
Keys X % T. H. Reduction 
O fo Mud/5 Minutes 
0  Absorbance/°Brix.




















the color of the clarified molasses, increases with the 
reaction time. This effect may be attributable to the 
reaction of the reducing sugars with the organic material 
in the molasses. This reaction is known as the Maillard 
or browning reaction (48) and results in the formation of 
dark-colored products with unknown chemical composition.
TABLE XXII. Pretreatment Process. Clarification Studies,
Effect of Reaction Time on the Rate of 
Mud Settling.
Molasses Concentrations 38.8 Brix.
Molasses Initial pH: 5*7
Molasses Absorbance/ °Brixs 1.12 
Molasses Temp. Before Treatments 210 °F. 
Stock Flocculant Solution: 0,02 Wt. Percent.
Temp. Diluted Floculant Solutions 145 P. 















CT-33 2 5 / 2 0 0
CT-34 25/200
CT-38 0/200
CT-39 0 / 2 0 0
CT-58 0/200
23.5 49.5 I . 2 735.0 55.0 1.5614.8 42.2 1 . 2 0
7.0 3 8 . 0 1.19
2 1 . 5 5 0 . 0 1.24
2 1 . 8 45.0 1.28
22.5 45.8 1.27
X ml. of Stock Solution of Flocculant diluted 
to Y ml, with Deionized Water.
pHs During the molasses clarification experiments, a 
sample was treated with either phosphoric acid or sodium 




















15* Pretreatment Process, Clarification Studies,
Effect of Reaction Time on Clarification
Molasses Concentration: 38.8 Brix.Molasses Temperature: 210 op.
Dilution Water: 145 °F. 
pH Treatment: pH(l) =4.0
pH(2) * 7.3
Key: X % T. H. Reduction.


























another pH(2). To study the effects of pH, two sets of 
experiments were performed: (1) The molasses was treated
to different pH'(s), pH (1), and then neutralized to 
another pH, pH(2). Results of this experiments are shown 
in Figure 16, (2) All samples were treated to a given
pH(l) and then neutralized to different pH's, pH(2).
Results from the second set of experiments are shown in 
Figure 17.
From Figure 16, it is important to note that the per­
centage of mud at 5 minute settling time goes through a 
minimum at pH 5*7 (original pH of the molasses sample). 
Treating the molasses to a pH(l) around 8.0 and neu­
tralizing to pH(2) equal to 7.3» the precipitate remained 
in suspension at the 5 minutes settling time; additionally, 
the molasses obtained by centrifugation showed an increase 
in color content.
The minimum in the curve of percentage of mud may be 
explained by the fact that no phosphoric acid was used to 
take the molasses to pH 5*7* and that the small amount of 
precipitate formed was only due to the neutralization ef­
fect with sodium hydroxide. On the other hand, the low 
value of % of mud at pH 2.3, may be due to the fast set­
tling of the precipitate. This result suggests a possible 
molecular breakage of colloids, gums, or other higher mo­
lecular weight solutes, which usually inhibit mud settling.
The results from the second set of experiments, Figure 














Figure 16. Pretreatment Process. Clarification Studies.
Effect of pH(l) on Clarification of Blackstrap Molasses
Molasses Concentration: 38.6 °Brix.
Molasses Temperature: 210 °F.
Stock Solution of Flocculant: 0.02 Wt. Percent.
Flocculant Dilution: 25 ml./200 ml.
Temperature Diluted Floe. Solution: 145 °F*pH(2): 7 . 3 Reaction Time pH(l): 5 Minutes.
-  X X fo T. H. Reduction. 
G fo Mud/5 Minutes.
0  Absorbance/°Brix.
Key:
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Figure 1 7. Pretreatment Process. Clarification Studies. 
Effect of cH(2) on Clarification
Molasses Concentration: 38.6 °Brix.
Molasses Temperature: 210 °F.
Dilution Water Temperature: 1^5
pH(1) = 4.0
Reaction Time at pH(l): 5 Minutes.
Key: x % T. H. Reduction.
© % Mud/5 Minutes.
O Absorbance/°Brix,
80 .. 80..
60 .. 6 0..
•H
2 0 .. 2 0 ..g












CaHPO^, the amount of which increases with increasing the 
pH up to a pH equal to 8 . 5 when it reaches a constant value. 
Likewise, the color of the molasses has a tendency to in­
crease, and this, again, may be explained by the browning 
reaction taking place specially in an alkaline medium.
Inversion Studies.
This part of the research was devoted to determine 
the effect of reaction time, temperature and type cf min­
eral acid on the inversion of sucrose in cane blackstrap 
molasses. Phosphoric, sulfuric and hydrochloric acids were 
used. Two additional experiments were performed using the 
enzyme invertase. Also, pure sucrose (reagent grade) was 
inverted with phosphoric acid.
Sucrose Inversion; When an acid or the enzyme invertase 
acts upon a sucrose solution, the sucrose molecule is bro­
ken up, producing, by addition of one water molecule, the 
constituent monosaccharides, glucose and fructose. This 
reaction known as hydrolysis or inversion, may be repre­
sented by the following equation*
C12H22°11 + H2° =  C6H12°6 + C6H12°6 
Sucrose Water Glucose Fructose 
Mol. Wt. 3^2 18 180 180Ol\0 +66.53° - +52.7° -92.V 3
Because there is a change in the optical activity from 
dextrorotatory, + 66.53°» to a net levorotatory, - 39.7°»
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the reaction is generally called inversion. Due to the 
loss of sucrose, the inversion reaction is of utmost im­
portance in sugar manufacturing. The mixture of glucose 
and fructose is known as invert sugar.
Even though a great amount of research has been done 
on inversion of sucrose as shown by the literature, it was 
decided to devote part of this investigation to the inver­
sion of sucrose as affected by the variables used in clari­
fication of molasses, namely, temperature, reaction time, 
and the type of acid as a new variable.
The inversion of sucrose in homogeneous phase has 
been characterized as a unimolecular, first order reaction 
( 22 , 23) .
If the inversion of sucrose is done in a batch reactor, 
the material balance for sucrose takes the forms
Input Rate = Output Rate + Rate of Accumulation
(4-2)
Where: The input and output rates include the effects of
streams that carry the sucrose into and out of the 
reactor as well as the effect of disappearance of 
the sucrose due to the inversion reaction. The 
accumulation term is the rate of change with time 
of the quantity of sucrose in the reactor.
or:
Input Rate = Output Rate + Rate of Accumulation (if-3)
0 Vrg dNg
dt
The input rate is zero since no streams enter the 
hatch reactor. No streams leave the reactor, however, 
sucrose disappears due to the inversion reaction. The 
disappearance of sucrose is, then, equal to Vrs, where V is 
the volume of reacting mass, and rs is the rate of disap­
pearance of sucrose per unit volume. The term dNs/dt is 
the rate of accumulatipn of sucrose in moles per unit time.
The material balance, therefore, reduces toi
1 dNs 
V dt = - rs (44)
Assuming a constant volume of the reacting mass, 
equation (44) reduces to:
dC
dt- - - r B (<«)
Where: Cg is the concentration of sucrose at any time t.
Assuming a unimolecular, irreversible reaction,
rs = klcs (,t6)
Where: is the reaction velocity constant.
Integrating equation (^5) between C_ at time zero,s
C°, and CQ at time t, C_, we have:
S S  S
or i
t = -(l/k1) In (Cg/C°)




The unimolecular characteristic of the reaction is 
explained by two theories! (1) the amount of water which 
disappears during the reaction is quite insignificant in 
comparison with, the amount of water in solution, assuming, 
consequently, that the concentration of water remains con­
stant and that the unimolecular mechanism applies, and (2) 
the transition complex theory, which is based on the tend­
ency of the sucrose molecule to form hydrates in solution; 
the H^O, oxonium ion, fixes itself to the oxygen atoms in 
the sucrose molecule forming a complex, which decomposes 
again at a rate given by the rate of inversion. The 
following chemical equations which may describe this mech­
anism are given (6) asi
C12H22°ll-nH2° + H+^ C 12H220n -nH20-H (99)
C12H22°ll-nH2°'H - ~ 206H12°6 + ( n - D V  + H+
(50)
Inversion of Pure Sucrose in Solution by Phosphoric Acidi 
Figure 18 shows the results of these experiments. As seen 
from the figure the experimental data follows a straight 
line (constant k); therefore, it can be stated that the
Figure 18. Pretreatment Process. Inversion Studies.
Inversion of Sucrose in Pure Solution. Phosphoric Acid Inversion








..assumed first order mechanism may be taken as being satis­
factory.
The values of the velocity constant of inversion, k,
at 55 and 95 °C, are calculated as 1.6 x 10”^ and ^.3 x 
-2 -110 Min . respectively. The activation energy, E, as 
determined from these values equals 2 1 , 8 0 0 cal/g-mol.
Bodamer and Kunin (5) report an activation energy in the 
range of 28,000 to 30*000 cal/g-mol. for the homogeneous 
reaction, and from 18,300 to 2 5 ,0 0 0 cal/g-mol. for the 
heterogeneous case. No explanation can be given for the 
difference between the value of 2 1 ,8 0 0 cal/g-mol found 
from the present investigation and that given by Bodamer 
and Kunin.
Inversion of Sucrose in Cane Blackstrap Molasses by Phos­
phoric. Hydrochloric, and Sulfuric Acids: Results of these
studies are shown in graphical format in figures 19, 2 0, and 
21. It is important to note, from these figures, that 
after about 30 minutes reaction time, and for the reaction 
temperature equal to 95 °C., the experimental points devi­
ate from first order kinetics as the conversion continues. 
Since no deviation was observed when inverting sucrose in 
a pure solution, it is assumed that the deviations occur 
mainly because of secondary decomposition reactions, such 
as the browning reaction, between the reducing sugars and 
the unstable organic substances present in the molasses. 
Similar deviations are reported by Lifshutz and Dranoff 
(4l) when inverting concentrated sucrose solutions in fixed
4
Figure 19. Pretreatment Process. Inversion Studies.
Inversion of Sucrose in Molasses. Phosphoric Acid Inversion
-o — 0
pH of Inversion: 2.5
0.5 --
Key:
2.8 x 10"3 Min- .̂






Reaction Time, Minutes. 102
Figure 20. Pretreatment Process. Inversion Studies.
Inversion of Sucrose in Molasses. Hydrochloric Acid Inversion
pH of Inversion: 2.5
Key: X
2.3 x 10 Min








Figure 21. Pre-treatment Process. Inversion Studies.
Inversion of Sucrose in Molasses. Sulfuric Acid Inversion
© --
pH of Inversion =2.5
20,164 cal/g-mol.





beds of ion exchange resins.
The calculated k values are approximately equal for 
the three cases studied. The same applies to the activation 
energy, E .
Inversion of Sucrose in Cane Blackstrap Molasses by the 
Enzyme.Invertase: In Figure 22 are depicted the results
of these experiments. In this case, it is important to 
note that there is no deviation from first order behavior, 
which suggests the absence of secondary decomposition reac­
tions at the temperature (55°C) and pH (4.5) at which the 
inversion took place. Another fact concerning these exper­
iments is the amount of invertase used. For the first ex­
periment, twice the theoretical amount for 100 fo inversion 
of the sucrose content in the sample in one hour was used, 
the resultant effect, however, was only 79 For the 
second experiment four fold the theoretical amount was 
used, and the result was about 93 % inversion. The expla­
nation to this anomaly would appear to lie in the fact that 
cane blackstrap molasses is a very complex, multicomponent, 
solution, and that the presence of material other than 
sucrose, reduced the effectiveness of the invertase by some 
unknown mechanism. The k values for the inversion of su­
crose with invertase at 55 °C. are one order of magnitude 
greater than the corresponding values for the inversion 
with mineral acids at 55 °C.
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Figure 22. Pretreatment Process. Inversion Studies.
Inversion of Sucrose in Molasses. Enzyme 
Invertase Treatment.
pH of Inversion* 4.5 
Temperature of Inversions 55 C .
Keys Q 101 Mg. of Invertase. 
O  201 Mg. of Invertase.
-2 -1







Total Hardness Reductions From the results of the present 
investigation on clarification and inversion of molasses, 
it was found that pH treatment and type of acid are the 
two most important variables on reduction of the hardness 
content from molasses. Lowering the pH of the molasses to 
about 2 ,5i followed by neutralization with sodium hydroxide 
to pH about 7*3» gave the highest reduction in total 
hardness. According to Clarke (8) at the pH range from 
2,5 to 7 *3 » mainly, two calcium phosphates are produced in 
the molasses: (1) the CatHgPO^Jg* Monocalcium phosphate, 
which predominates at pH below 7.2 and is soluble, and 
(2) the insoluble CaHPO^, Dicalcium phosphate, which in­
creases in concentration with the pH of the solution up to 
a pH of 12.7. Over 12.7 pH, Ca^(P0^)2, Tricalcium phos­
phate, an insoluble compound, predominates. The mono­
calcium phosphate starts to lose its predominance at a pH 
of 5*5 to 6.0. However, both insoluble phosphates by the 
action of heat convert to other forms of phosphates such 
as Hydroxyapatite, Ca^CPO^)^0^. From the above theory, 
therefore, its assumed that calcium is eliminated from 
molasses, principally, as CaHPO^, dicalcium phosphate.
The quantity eliminated is a function of the pH as shown 
by the results of the present investigation.
When comparing the effect of the type of acid, under 
the same operating conditions and feed material, the phos­
phoric acid gave the highest percent of total hardness 
removal, 85 to 91 compared with the sulfuric acid, 52 fo,
108
and hydrochloric acid, 31 f<>*
Pre-treatment Process. Conclusions
Prom the results of the experiments on clarification 
and inversion of cane blackstrap molasses, the following 
conclusions may be drawn:
1. That addition of water, which we called dilution 
water, in a amount equivalent to about 80 fa by volume to 
the chemically treated molasses, notably increased the rate 
of mud settling. The use of dilution water would make 
possible the use of conventional procedures employed in 
clarifying sugar solutions.
2. The temperature of the dilution water did not 
show any specific trend; however, the preferred range is 
from about 140 °P. to about 200 °F. This range avoids 
cooling down the treated molasses which is going to be fed 
to the ion exclusion columns.
3. The quality of the dilution water used should be 
assessed to determine how significant its calcium and mag­
nesium content is relative to that of the molasses being 
treated.
4. Temperature of the treated molasses has a notable 
effect on mud sedimentation. High temperatures, 200 to 
212 °F., are preferred.
5. Concentration of molasses did not show any specific 
effect on clarification; however, the highest possible con­
centration is preferred to reduce further evaporation cost
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in downstream processing.
6. The extent of calcium and magnesium removal is 
primarily a function of the solution pH. The best results 
were found when the molasses was treated with phosphoric 
acid to a pH close to 2.5 and then neutralized with sodium 
hydroxide to pH 6 . 9  to 7*3*
7 . Though the effect is not clearly marked, an in­
creased reaction time decreases the rate of mud settling 
and increases color formation.
8. When inverting cane blackstrap molasses with min­
eral acids, namely, phosphoric, hydrochloric, and sulfuric 
acids, the experimental points deviate from first order 
kinetics model after about the first 30 minutes of reac­
tion time,
9. From the three acids investigated the phosphoric 
acid gave the highest reduction in hardness content of the 
treated molasses.
10. Inversion of sucrose in cane blackstrap molasses 
with the enzyme invertase does follow first order kinetics. 
However, the amount of invertase used was equivalent to
1
four times the theoretical value.
ION EXCLUSION PROCESS
The objective of using the ion exclusion process in 
the present investigation was to separate the ionic and 
high molecular weight material, which we have called 
N-Sugars, from the invert sugar fraction, R-Sugars, or
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product. The feed material was inverted cane blackstrap 
molasses.
The data from each experimental trial were graphed 
in three different ways: (1) Elution curves, (2) Cumulative 
elution curves, and (3) Product purity curves.
As stated in the chapter on experimental approach six 
independent variables were investigated, namely, tempera­
ture, flow rate, particle size, column length/diameter 
ratio, feed volume, and percentage of resin crosslinkage.
A two-factorial experimental design was used to determine 
the effect of these variables on the separation of N-Sugars 
from R-Sugars.
A total of sixty four different experimental trials 
corresponding to sixty four possible combinations of the 
six variables were performed.
Prom the experimental data the following dependent 
variables were calculated:
1. Product purity at a given product recovery, 7)
An arbitrary product recovery of 95 # "by weight was used 
for these calculations.
2. For a given product "cut" in the effluent:
a. Product purity, 7}
b. Weight percent product recovery, Tj
c. Product concentration, jj and
d. A combination of a, b, c, Vs-
Where V s  = V z x V s x Vk-
Ill
A product "cut" was arbitrarily taken when the concen­
tration of the reducing sugars reached 25 grams per liter, 
approximately 2.5 °Brix, in the front and rear boundary of 
the product elution curve.
The sixty four values of T)lt 7} 2* 7}y  T j and 
corresponding to the sixty four variable combinations are 
shown in Tables XXIII through XXVII.
The purpose of this part of the investigation was to 
determine the variable combination that yielded the best 
results, where best results were associated with the 
highest value of the dependent variable under consider­
ation. For example, the highest value of product purity 
at 25 grams per liter limit on R-Sugars is obtained at the 
following variable combination (Table XXIV):
Temperature: 80 °C.
oFlow Rate: 1.8 ml/min.cm .
Feed Volume: 3.6 % Bed Volume.




Another variable combination is best for weight per­
cent product recovery, TJj* and still another one for 
product concentration,
From the practical point of view, commercial applica­
tion, it is usually required to have the highest product 
purity, the highest product recovery, and also the highest






Flow Rate Feed Vol. X-Linkage
ml/min.cm, % BV fo
B C D
3.6 4.0 (1)
1.8 (1) 8.0 (d)















1.8 (1) 8.0 (d)
(1) 10.8 4.0 (1)(c) 8.0 (d)
4.0 (1)
3.0 (1) 8.0 (d)
(b) 10.8 4.0 (1)(c) 8.0 (d)
Product Purity at 95 Recovery.' Tf
L/D Ratio, F
5.4 (1) 43.7 (f)
Mesh Size, E Mesh !Size, E
-Jo (1) 
100 k±; ^  (e) 50 [e}
_J0
100 —  (e) 50
92.80 79.10 9 8 .7 0 97.70
6 7 .0 0 56.00 7 2 .1 0 6 0 .6 0
71.80 68.20 8 6 .7 0 77.80
64.33 55.60 6 8 .7 0 6 0 .5 0
8 5 .0 0 75.75 9 7 .3 0 96.50
64.35 56.80 7 8 .4 0 62.05
7 0 .9 0 66.90 7 7 .3 0 7 6 .2 0
62.20 55-40 66.10 61,00
93.20 79.20 9 9 .1 0 98.00
74.70 56.50 8 8 .8 0 62.80
77*80 65.05 9 0 .9 0 68.10
65.90 55.90 7 0 .9 0 60.55
9 0 .6 0 79.30 9 9 .1 0 98.10
65.50 56.40 7 6 .7 0 65.90
73.70 63.45 80.40 76.80
63.10 5 6 .0 0 6 8 .3 0 62.70
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TABLE XXIV. Ion Exclusion Process. Product Purity at 2^ g/l. limit on 
Reducing Sugars, jj
E/D Ratio. F
Temp. Flow Rate Feed Vol. X-Linkage 5 A  (1) 43.7 (f)
°C. ml/min.cm? fo BV fo Mesh Size, E Mesh Size, E
A B C D —50 100 K1} “  (e) 50 (e)
— 50 /jx 
100 ^  (e) 50
3.6 (1) 4.0 1) 9 6 .1 0 9 1 .0 0 99.00 99.30
1.8 (1) 8.0 d) 64.oo 49.10 79.10 6 3.IO
10.8 (c) 4.0 1) 6 7 .7 0 67.50 79.90 77.00
50 (1)
8.0 d) 6 0 .7 0 52.30 63.00 56.40
3.6 (1) 4.0 1) 9 0 .6 0 88.10 98.90 98.70
3.0 <b) 8.0 d) 6 5 .5 0 52.30 79.30 61.10
10.8 (c) 4.0 1) 6 5 .2 0 62.70 74.90 73.70
8.0 d) 5 5 .6 0 5 1 .8 0 61,20 57.10
3.6 (1) 4.0 1) 9 6 .7 0 93.70 99.40 99.20
1.8 (1) 8.0 d) 7 8 .8 0 45.90 9 0 .6 0 8 3 .8 0
10.8 (c) 4.0 1) 7 6 .0 0 63.30 89.30 6 3 .1 0
80 (a)
8.0 d) 6l.4o 53.20 6 7.8O 58.10
3.6 (1) 4.0 1) 9 6 .5 0 9 1 .0 0 99-30 9 8 .9 0
3.0 (b) 8.0 d) 6 3 .1 0 59.70 76.90 85.40
10.8 (c) 4.0 1) 7 1 .2 0 61.90 78.30 75.00
8.0 d) 59.40 52.20 66,40 6 0 .3 0
TABLE XXV. Ion Exclusion Process. Weight Percent Product Recovery at 25 g/l
limit on Reducing Sugars. <jn
Temp, Flow Rate Feed Vol. X-Linkage
jj/jj
5.4 (1)
i\d U1U 1 -T
43.7 (f)
°c. ml/min.cm? % BV * Mesh Size. E Mesh Size. E











3 2 .8 0
5 9 .3 0
81.00


















4.0 1) 38.90 22.70 75.40 56.60
8.0 d) 54,40 5 6 .6 0 6 2 .0 0 57.20
3.0 (b)
10.8 (c)
4.0 1) 83.50 84.70 93.90 90.30
















4.0 1) 8?.6o 86.30 95.60 9 2 .6 0















5 1 .8 0
10.8 (c)
4.0 1) 85.80 82.90 95.10 90.60
8.0 d) 86.10 77.90 92.50 87.90
-f7
ll
TABLE XXVI. Ion Exclusion Process. Product Concentration (°Brix) at 25 g/l













B C D -52 (1) 





' 3.6 (1) 4.0 1) 3.4 2.4 4.2 3.3
1.8 (1) 8 . 0 d) 4.7 5.6 5 . 0 4.0
4.0 1) 8.7 7-9 11.0 10.010.8 (c) 8.0 d) 10.1 10.8 12.7 11.0
4.0 1) .3.4 2.5 3.8 2.83.6 (1) 8.0 d) 4.9 6.7 5.0 6.33.0 (b) 4.0 1) 8.6 6.6 9.8 10.010,8 (c) 8.0 d) 10.0 11.3 1 1 .3 12.4
4.0 1) 3.5 2.4 4.6 3.53.6 (1) 8.0 d) 4.2 6.0 4.8 2.8
1.8 (1) 4.0 1) 9.0 6.7 12.0 10.910.8 (c) 8.0 d) 10.7 9.9 12.6 11.1
3.6 (1) 4.0 1) 3.2 2.4 4.3 3.7
8.0 d) 4.9 5.8 4.6 3.83.0 (b) 4.0 1) 8.0 '6.4 10.4 11.010.8 (c) 8.0 d) 10.2 11.1 11.1 11.3
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product concentration. With this principle in mind, it 
was decided to combine the three variables 7j2» 7)y and 
JJ^ into one, T) expecting that the maximum value of Tĵ  
will give the best combination of the three product require­
ments. The results of these calculations are given in 
Table XXVII. As given in the above Table the highest value 
of corresponds to the following set of product require­
ments and variable-combination*
A. Product requirements
Product Purity, 7^2 = 8 9 . 3 %
Weight % Product recovery, Tj ̂ = 95*6 %
Product concentration, 7h  * 12.0 °Brix.
B. Variable-combination
Temperatures 80 °C.
pPlow Rate: 1.8 ml./Min.-cm .
Feed Volumes 10.8 Percent bed volume.
% Resin crosslinkages 4.0
Particle sizes 50/100 Mesh.
L/D Ratios 43,7
C . Best Result
s 1.0244 x 10^
Statistical Analysis of the Experimental Data
The data presented in Tables XXIII through XXVII were 
analyzed using a computer program for analysis of variance 
(SAS program, AN0VA procedure).
The print out from the computer program provided the
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following information:
1. The number of different values of the variable.
2. The values of the variables,
3. The analysis of variance Table for each dependent
variable in the model statement. In this Table 
the sum of squares is broken down into two 
portions, one attributable to the model, and the 
other attributed to error. For each portion the 
Table gives:
A. Degrees of freedom.
B. Sum of squares.
C. Mean square (sum of squares divided by the degrees 
of freedom).
D. The F value for the model. The F value is the
ratio of the mean square for the model to the mean 
square for error. This value tests how well the 
model as a whole, after adjusting for the mean, 
accounts for the dependent variable’s behavior.
E. The significance probability for the F value
(Pr ;» F). An small value of Pr >  F indicates that 
the F is significant.
2F. The correlation coefficient, R . This value is 
calculated as the ratio of the sum of squares for 
the model divided by the sum of squares of the
pcorrected total. R measures how much variation in
the dependent variable can be accounted for the 
2model. R can range from 0 to 1.
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G. The coefficient of variation, C.V., is the 
standard deviation of the dependent variable 
divided by its mean times 100.
H. The standard deviation of the dependent variable; 
this value is equal to the square root of the mean 
square of the error term.
I. The mean of the dependent variable.
For each effect and interaction in the model the
ANOVA Program also prints:
J. The degrees of freedom.
K. The sum of the squares.
L. The F value to test the hyphothesis that the group
means for that effect are equal, and
M. The probability value associated with the F value. 
Significance Test: Since a non-replicate experimental pro­
gram was used, there was no true internal estimate of the 
error variance. Therefore, it was decided to combine the 
fifth and sixth order interactions to obtain an estimate 
of the error variance.
An effect or interaction was considered significant 
when the probability value associated with its F value,
Pr >  F, as given by the ANOVA print out, was equal to or 
less than 0.05. and highly significant when equal to or 
less than 0.01.
The results of this analysis are given in Tables 
XXVIII through XXXII,
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Magnitude of Main Effects and Interactions.
The main effects of the factors and the effects of 
their interactions which were statistically determined as 
significant are also shown in Tables XXVIII through XXXII. 
The main effects were calculated as the difference between 
the average response of all trials performed at the low 
level of the factor and that of all trials at the high 
level. Two factor interactions were calculated according 
to the following procedure (1 3)«
Factor A
Ao A 1
Bo Y00 Y01 Yoi-Yoo
B1 Y10 Yu YU - Y10
Interaction A x B = (Yn  - Y1{)) - (Y01 - Y00)
_
Where subindices 0 and 1 mean low and high levels 
respectively. The bar means average values over all trials.
Three and higher order interactions were calculated 
using the method given by Davies (13)•
Conclusions on Main Effects and Interactions.
Temperature: From Tables XXVIII to XXXII, it can be seen
that temperature has a positive effect on the purity of 
the product, however, this effect is not pronounced. For 
the other cases, temperature has no effect at all.
TABLE XXVIII. Ion Exclusion Process. Statistical 
Analysis.
Significant and Highly Significant Effects 
and Interactions
Case 1: Product Purity
Recovery.




B (Flow Rate) 8.19
C (Feed fo BV) 285-90
D ( fo Crosslinkage) 884.40 E (Mesh Size) 216.32




DE * 7 . 2 4
CF 10.24
DF 14.48DEF 7 . 5 7
CDEF 13.28
(7̂ i) at 95 Weight f> Product
73-64
Magnitude of 
Main Effects and 
Prs»F Interactions
0 .0 3 1 3 + 1.66
0 .0 2 4 3 - 1 . 7 70,0001* - 1 0 . 4 70.0001* - 18.41
0.0001* - 9 .1 10.0001* + 9 . 2 6
0.0001* + 6 . 2 5
0 .0 2 5 0 + 1 .7 6
0.0086* + 2.24
0 .0 3 1 1 - 1.67
0 .0 1 5 1 - 1.98
0 .0067* - 2.36
0.0285 - 1.700.0082* + 2.25
Effect or interaction significant when P r >  F S  0,05 and highly significant when Pr > P S  0.01,
* Highly significant.
Note: In order to have an indication of the confi­
dence to be placed on the results, several 
ion exclusion trials (1 9) were replicated at 
random. The results from these trials were 
then used to calculate the standard deviation 
of 7} ̂ » which had a value of 0.94.
TABLE XXIX, Ion Exclusion Process, Statistical Analysis,
Significant and Highly Significants Effects 
and Interactions.
Case 2a: Product Purity ( 7?2) ^5 g/l* Limit onInvert Sugars.
7)0 Average = 73.^1
Factors or 
Interactions F
A (Temperature) 12.43B (Flow Rate) 7*51C (Feed f> BV) 466.74
D (fo Crosslinkage) 566.47E (Mesh Size) 8 7 .4 3F (L/D Ratio) 119*56A * C 7*93A * D 11.19C * D 8 9 .8 3A * C * E 13.80A * D * E 10.81
C # D * E 15.37C * F 12.00
D * p 8 . 9 0A * D * F 11.01C * D * F 15.82
A * C * E * F 7.76A * D * E * F 6.47
Magnitude of 
Main Effects and 
Pr >  F Interactions
0.0097* + 2.910.0289 - 2.260.0001* - 17.810.0001* - 19.62
0.0001* - 7.170.0001* + 9.02
0 .0 2 5 9 + 2.32
0 .0 1 2 3 + 2.76
0.0001* + 7.82
0 .0075* - 2 . 5 0
0 .0 1 3 3 + 1 .2 5
0 .0057* + 2.35
0 .0 1 0 5 - 2.860.0204 + 2.46
0.0128 + 2.7^
0.0053* - 3.87
0 .0 2 7 0 - 1.630.0386 + 1.50
Effect or interaction significant when Pr >  F £  0.05 
and highly significant when Pr > F  <  0.01.
* Highly significant.
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TABLE XXX. Ion Exclusion Process. Statistical Analysis.
Significant and Highly Significant Effects 
and Interactions.
Case 2"b: Product Recovery ( 7 jr > ) at 25 g/l. Limit on
Invert Sugars. ^




Main Effects and 
Interac tions
B (Flow Rate) 2 7 . 8 8 0 .0011* - 4.89
C (Feed % BV) 1177.35 0 .0001* + 3 1 .8 1E (Mesh Size) 14-8.23 0 .0001* - II.29
F (L/D Ratio) 284.70 0 .0001* + 15.64
B * C 8 . 9 8 0 .0 2 0 0 + 2 . 7 8
C * D 14.86 0 .0063* - 3.57A * E 14.33 0 .0068* - 3.51C * E 44.97 0 .0003* + 6.22A * F 9.70 0 .0 1 7 0 + 2.89
C * F 81.29 0 .0001* - 8 . 5 6
D * F 77.0 4 0 .0001* - 8.14
A * C * E 16.10 0 ,0051* + 3.73
A * D * E 7.65 0 .0 2 7 9 - 2.55A * C * F 7.3^ 0 .0 3 0 3 - 2.52C * D * F 71.73 0 .0001* + 7.86A * C * D * E 6 . 6 7 0 .0 3 6 4 + 2.40B * C * D * E 7.14 0 .0 3 1 9 2.48
Effect or interaction significant when Pr :» 
and highly significant when Pr >  F <  0.01.
F S  0.05
* Highly significant.
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TABLE XXXI. Ion Exclusion Process. Statistical Analysis.
Significant and Highly Significant Effects 
and Interactions.
case 2c: Product Concentration as °Brix (T)*) at
25 g/l. Limit on Invert Sugars. ^
Tj Average = 7.142
Factors or Magnitude of Main Effects and
Interactions F Pr =* F Interacti
C (Feed fo BV) 4497.9^ 0 .0001* + 6 . 0 0D ( fo Crosslinkage) 386.35 0 .0001* + 1 .7 6E (Mesh Size) 18.44 0 .0036* — 0.38F (L/D Ratio) 133.5^ 0 .0001* + 1.03B * C 10.5^ o.oi4l - O .29A * D 13.*i4 0.0080* - 0.33B * D 15.56 0 .0056* + 0.35B * E 2 2 , 2 1 0.0022* + 0.42
D * E 41.72 0.0003* + 0,58C * F 125.59 0 .0001* + 1 . 0 0D * F 90.84 0 .0001* - 0 .8 5B * D * E 6.14 0.0423 + 0 .2 2A * D * F 1 6 .6 9 0 .0047* - 0.37C * E * F 10.09 0 .0 1 5 6 + 0 .2 8D * E * F 37.33 0 .0005* - 0.55
Effect or interaction significant when Pr =» F <  0.05 
and highly significant when Pr >  F <  0.01.
* Highly significant.
TABLE XXXII. Ion Exclusion Process. Statistical Analysis.
Significant and Highly Significant Effects 
and Interactions.





Interactions F Pr >  F Interactions
A (Temperature) 6.73 0.0357^ + 0.0197B (Flow Rate) 27.44 0 .0012* - 0.0397C (Feed % BV) 2718.45 0.0001* + 0.3943E (Mesh Size) 225.69 0 .0001* - 0 .1 1 3 6F { L/D Ratio) 544.69 0 .0001* + 0 .1 7 6 5
B * D 10 .2 1 0 .0 1 5 2 + 0.0242
C * D 8 .2 1 0.0242 - 0 .0 2 1 7
A * E 18.63 0.0035* - 0.0327B * E 32.73 0.0007* + 0.0433C * E 5 . 8 0 0.0469 - 0.0182A * F 8.93 0 .0 2 0 2 + 0 .0 2 2 6C * F 6 1 . 7 0 0.0001* + 0.059^D * F 8 7 . 8 7 0 .0001* - 0.0709E * F 9.27 0 .0 1 8 7 - 0 .0 2 3 0B * E * F 13.71 0 .0076* + 0 .0 2 7 0
Effect or interaction significant when Pr =» 
and highly significant when Pr => F £  0.01.
F £  0.05
* Highly significant.
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Wheaton and Bauman (7^)» working on the separation of 
hydrochloric acid from acetic acid, also found some small 
improvement on separation in the range from 0 °C. to 80 °C. 
Nevertheless, there are two operational advantages of work­
ing at higher temperatures: (1) greater column capacity 
that may "be obtained by increased flow rates (7^), and (2) 
increased column hydrodynamic stability by reducing vis­
cosity effects and density gradients inside the column (10). 
Flow Rate: Although the effect is not pronounced, an in­
creased flow rate negatively affects the response. This 
conclusion applies for all cases investigated except case 
2c, product concentration at 25 g/l. limit on R-sugars, 
where flow rate has no effect at all. This conclusion 
agrees with that found by other investigators working with 
different feed materials and also different adsorbents.
The flow rate can be decreased to improve the separation; 
however, at very low flow rates longitudinal diffusion 
becomes important. Also, the column productivity is nota­
bly reduced.
Mesh Size: It is common knowledge in chromatography that
increasing the adsorbent particle size reduces the 
effectiveness of separation. The conclusion reached from 
this study also agrees with that knowledge. For all cases, 
an increase in resin mesh size adversely affects the 
dependent variable; consequently, an improved separation 
can be obtained, for a given column length, by reducing the
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particle size of the adsorbent. The minimum size is 
limited, however, by the pressure loss, AP across the 
column.
Column L/P Ratio; Without any exception, the factor L/D 
positively affects the dependent variable. For the cases 
of product purity and product recovery, the effect is very 
pronounced.
Feed Percent Bed Volume: From the results obtained in the
present investigation, this variable strongly affects,
either positively or negatively, the response. The product
purity, 71 ̂  or 7^2 * adversely influenced by increasing
the feed volume to the column; on the contrary, product
recovery, product concentration, Tj and T j are
positively affected by this factor. From the point of
view of productivity, the feed % bed volume is one of the
most important variables; however, its maximum value is
limited theoretically in that it will be less than the
internal pore volume of the resin particles. In fact, it
*
should be much less than the internal pore volume (74). 
Prielipp and Keller (53) working on purification of glyc-
terin by ion exclusion, and Johnson and Wheelock (37) 
developing and testing a simplified design model for a 
chromatographic ion exclusion column found the same conclu­
sion on feed volume as that found in the present study, 
that is, increased feed volume to the column increases 
product cross-contamination, but on the other hand, in­
creases column throughput.
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Percent of Crosslinkaget The degree of crosslinking in a 
polystyrehe ion exchange resin is usually expressed by the 
percent of divinylbenzene (DVB) content. The content of 
DVB usually varies from 1 to 16 percent in commercially 
available resins. The percent of crosslinkage strongly 
affects the mechanical, thermal, and chemical stability, 
as well as, the ion exchange behavior of the resin parti­
cles. Resins with a low percent of DVB can take up a con­
siderable amount of water and swell into a gel-like struc­
ture. Mechanical instability of the resin particle below 
3 - lyfo sets a lower limit to the percent of DVB. On the 
other hand, higher crosslinked resins, i.e., greater than 
8% DVB, swell very little but are mechanically stronger and 
contain a high concentration of active groups, SO^Me (26).
Ion exchange resins having a relatively open struc­
ture, gel type, and containing ion active groups in a 
highly ionized form, are the most suitable for the ion ex­
clusion process. The first condition, gel-like structure, 
requires a low crosslinkage resin, while the second re­
quires a high degree of crosslinkage. Therefore, a com­
promise between mechanical stability and ion exclusion ca­
pacity has to be made.
For the present study ion exchange resins with and 
8fo DVB were used.
From the results shown in Tables XXVIII through XXXII, 
it is seen that increasing the percentage of DVB strongly 
and negatively affects the product purity, case 1 and 2a.
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The product concentration, on the other hand, is positively 
affected hy increasing the percentage of DVB, case 2c. For 
the other two cases, b and d, the percent of crosslinkage 
failed the 95# significance test.
Other investigators (53, 57) have also found a slight 
increase in product concentration with increase in DVB con­
tent of the resin. However, Wheaton and Bauman (7*0 found 
no major difference on the separation of acetic acid from 
hydrochloric acid when working with 1 to 16# DVB resins. 
Interactions: It is evident from the results of the pre­
sent investigation that the ion exclusion process is not a 
simple one with the variables independent of each other, 
but that significant interactions, 2nd, 3rd, and 4-th order, 
do take place. In absolute value these interactions add 
up to about ^0 to 90# of the corresponding value for the 
main effects. In other words, it is not possible to pre­
dict the effect of a particular variable without specifying 
the levels for the other variables. Furthermore, there ap­
pears to be no clear cut optimum value for the variables 
investigated. The magnitude of their effect depends on 
what result is desired, i.e., product purity or product 
concentration.
Summary of Best Conditions for Ion Exclusion: The best
conditions for clarification and inversion of cane black­
strap molasses were given in the chapter corresponding to 
experimental results. In this section, however, the condi­
tions that gave the best results as applied to ion exclusion
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separation will be given. These conditions are summarized 
in the following Table XXXIII.
It is interesting to note from this Table that the 
smaller mesh size, the highest L/D ratio, and the low flow 
rate are all associated with the best conditions for all 
cases. This result agrees with the results found by other 
investigators on the subject of chromatographic separations.
APPLICATION OF PLATE THEORY TO ION EXCLUSION
Although the main purpose of this research was to 
experimentally determine the effect of the different vari­
ables affecting the separation of R-sugars from N-sugars by 
ion exclusion, it was felt that at least one of the theo­
retical approaches should be applied to the experimental 
data. For this purpose the theoretical plate concept as 
given by Glueckauf (22) is used.
According to Glueckauf (22) the equation "most suit­





N (vi ~ vi)'
2 TTvi * vi
(10)
Another equation used in this study to test the valid­
ity of the theoretical plate theory on ion exclusion is the 
equation given also by Glueckauf to calculate the impurity 
ratio, equation (21):
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As it was stated before, when two solutes initially 
contained in a single band are eluted from a column, they 
may come out under separated bands. If they do, however, 
a complete separation is not always possible, and certain 
overlap between the bands occurs. The amount of contami­
nation of a given band due to, the overlap can be deter­
mined by means of the impurity coefficient or impurity 
ratio, Q,
The value of Q  obtained from equation (21), which we 
called 0 CSLio* was then compared with that obtained from 
equation (l4a), which we called Q exp*
a  A W |®xp w2 , -  A w2
Equations (10), (l^a), and (21), as well as the 
meaning of each variable in the above equations, were given 
in the chapter on literature survey. The values of the 
different variables were obtained from the experimental 
elution curves corresponding to the ion exclusion trials 
3^ through ^1.
When equation (10) was used to calculate the elution
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curves for the R-Sugars, the experimental curve very 
closely follows the calculated one with the exception of 
ion exclusion trial 4l. On the other hand, when the same 
equation is applied to the N-Sugar fraction, the experi­
mental curve does not agree as well with the calculated 
curve. This effect may be explained by the fact that the 
non-sugar fraction is a very complex mixture of solutes, 
some of which may be excluded from entering the resin due 
to their ionic charge, or due to their molecular size; 
while others may enter the resin particle. The first ones 
will leave the column the earliest followed by those for 
which the resin selectivity is lower than that for the R- 
Sugars, which leave the column next. At this point, it 
should be stated that if the ion exclusion works effec­
tively on the N-Sugar fraction (no adsorption at all taking 
place), then, the corresponding elution curve should bet­
ter be described by some form of residence time distribu­
tion function for a liquid flowing in a bed of inert and 
non-porous material.
The calculated and experimental elution curves corre­
sponding to the ion exclusion trials 3^ and 35 are shown 
in Figures 23 and 24. The rest of the curves corre­
sponding to the ion exclusion trials 36 through 41 are 
shown in Appendix F.
The values of the impurity coefficients $ caic and 
0 exp are shown in Table XXXIV. As it can be seen from
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the above Table, there is no close agreement between those 
two values. This discrepancy may be due to the fact that 
equation (21), which was used to calculate the value of 
^  calc* was derived based on the assumption of elution 
bands following a normal curve of error, bell shaped curve. 
If the actual curves deviate from the bell shaped form, 
then the values of Aw1 and AW2 (taken from the actual 
curves) used in equation (14a) would also be different 
from those which would be obtained from normal curvesj 
consequently, the values of 0 ca^c and $ eXp would also 
be different. This seems to be the case in the present 
investigation.
However, it is important to note that the maximum dif­
ference between ^calc 3113 ^exp ^or ^on exclusi°n 
trials 34, 36, 38, and 40 (feed to the column equal to 
3.6% BV) is only 5 points, while for the other trials 
(feed to the column equal to 10.8% BV) is 14. If the dif­
ference of 5 or 14 is "acceptable" then the plate theory 
concept as developed by Glueckauf (22), linear adsorption 
isotherms and bell shaped elution curves, can be applied 
to ion exclusion of inverted molasses when operating under 
the same conditions which were used for trials 34 through 
41.
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TABLE XXXIV. Ion Exclusion Process.
Experimental and Calculated Impurity 
Coefficients.
g  g
Trial W. WP calS exP
Number   x 10 x 10
34 4.30 48 6.0 2.0
36 4.30 4.48 7.0 2.0
38 4.30 4.48 6.0 1.0
40 4.30 4,48 4.0 2.0
35 12.89 13.45 18.0 11.037 1 2 . 8 9 13.45 1 5.O 2 9 . 0
39 12.89 13.45 1 8 . 0 9 . 0
41 12.89 13.45 12.0 20.0
CHAPTER VII 
IMPLICATIONS FOR COMMERCIAL DESIGN
The following studies were devoted to determine the 
size and number of ion exclusion columns needed for a com­
mercial unit to process 100 T/D of blackstrap molasses.
To achieve this purpose, material balances around the pre­
treatment step and the ion exclusion separation step were 
calculated. For the ion exclusion step, two material bal­
ances were calculated. These balances were based on as­
sumed product purities of 96 and about 90 percent re­
spectively. Detailed calculations corresponding to the 
commercial design are shown in Appendix E; however, a sum­
mary of the results are presented in Figures 2 5 , 26, 2 7 , 
and 28.
The ion exclusion columns were assumed to operate 
under the following conditions:
Temperature: 80 °C.
2Flow Rate: 1.8 ml/min.cm .
Feed % Bed Volume: 10.8
Resin % Crosslinkage: ^.0
Resin Particle Size: 50/100
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Figure 2 5. Pre-treatment Process. Clarification/inversion 
Studies.
Total Solids Balance (Lbs)








Dil. WaterWater I. Excl 
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Figure 26. Pretreatment Process. Clarification/inversion
Studies.
Total Sugars Balance (Lbs)
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Figure 27, Ion Exclusion Process.
Material Balance. Product Purity 96.0 %
No. Columns to Process 100 T/D of Molasses = 6 .6 7 4 7 9 7
No. Columns to be used in Ion Exclusion = 7T/D of Molasses to be processed in 7 columns = 104.8721
Recycle
T-Sugars: 95 Lbs. N-Sugars: 3 Lbs.
Cone,: 0.7 °Bx. 
Purity.* 9 6 . 7
Invert Product T-Sugars: 2191 Lbs. 
N-Sugarss 91 Lbs. 
Cone,: 10. 0 °Bx. 
Purity* 96.0 %
Residual Molasses 
T-Sugars: 2401 Lbs. 
N-Sugars: 3635 Lbs. 
C one.: 9 . 8  °Bx. 
Purity* 39.80 %.
Molasses Feed 
T-Sugars: 4687 Lbs. 
N-Sugars: 3729 Lbs. 
Cone.: 39*1 °Bx. 
Purity: 55-7 %•
Figure 28. Ion Exclusion Process.
Material Balance. Product Purity 89.6 %
No. Columns to Process 100 T/D of Molasses = 6 .6 74797
No. Columns to be used in Ion Exclusion = 7
T/D of Molasses to be processed in 7 columns = 104.8721
Recycle
T-Sugars: 95 Lbs 
N-Sugars: 3 Lbs
Conc.s 0.7 °Bx. 
Purityj 96.7 %•
Invert Product 
T-Sugars: *1-328 Lbs 
N-Sugars: 501 LbsCone. 1 12.6 OBx. 
Purity: 8 9 . 6
Residual Molasses 
T-Sugars: 264 Lbs
N-Sugars: 3225 Lbs C one.: 8.0 °Bx. 
Purity: 8. 0
Molasses Feed 
T-Sugars: 4687 Lbs. 
N-Sugars: 3729 Lbs. 




These conditions gave the highest value of the re- 
sponce variable 7^, which we called product parameter 
(Table XXVII).
For sizing the columns, it was assumed that feed in­
jections are made in such a way that the front-running 
peak of a given injection just begins to catch the late 
running peak of the previous one.
Without doing an exhaustive optimization procedure on 
column sizing, several columns were calculated for a given
Qinput, namely, 280 Ft /Hr, of treated cane blackstrap 
molasses. From the different columns calculated, one was 
chosen that gave a "reasonable" practical cross sectional 
area (feed distribution problems are well known in columns 
with large cross sectional areas) and small number of 
columns (initial and operational costs increase with the 
number of units). A column size of 9-3 feet in diameter 
by 8.0 feet high was selected. Seven columns of this size 
will handle according to the calculations, the treated, 
clarified molasses.
Hongisto (30, 31) gives the following figures for 
desugarization of 150 Tons/Day of beet molasses. Numbers 
in parenthesis were calculated from data given in the orig­
inal articlesj
1. Molasfees of about 80 percent concentration 
diluted to 30 to 40 percent dry substance.
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2. Ten columns: 270 cm. (8.86 Ft.) diameter.
300-600 cm. (9.8-19.6 Ft.) high.
3. Resin: 0.35-0.60 mm. ( 30-50 Mesh) particle size.
4. Flow Rate: 4-8 m^/hr. ( 140-280 Ft^/Hr.).
5 . Temperature: 65-90 °C.
6. Feed: 25-45 Kg. molasses of 30 to 40 fo water so­
lution per cubic meter of resin ( 8.6 # BV).
As it can be seen, the calculated number and size of 
the ion exclusion columns, along with the best operating 
conditions determined from the present investigation, are 
in close agreement with the figures given by Hongisto.
The main purpose of the commercial design was to ap­
proximately determine the size and number of the ion exclu­
sion columns, and the amount of chemicals needed to process 
100 Tons/Day of cane blackstrap molasses of 81 °Bx. These 
numbers, along with the evaporation rates, given in the ma­
terial balance, can then be used for feasibility studies.
The economics of the ion exclusion process is heavily 
dependent on the price of the molasses, invert product, the 
cost of chemicals, and how the different fractions from the 
ion exclusion columns are to be handled} namely, is it * 
better to produce a high purity invert fraction, at a cost 
of low recovery, or viceversa. Another important factor 
affecting the economics of the process is the dollar value 
of the residual molasses, and this will much depend on its 
composition.
The evaporation cost incurred to concentrate the dif-
1U6
ferent streams of the process plays an Important role on 
the feasibility of the ion exclusion process. More than 
one evaporation scheme, with its associated costs, may be 
used to accomplish this step, e.g., concentration by a 
"straight" evaporation, or a combination of reverse osmosis 
(RO) followed by evaporation. Reverse osmosis is particu­
larly suitable for concentrating diluted and highly pure 
sugar solutions.
Summarizing, the economics of the ion exclusion proc­
ess will mainly depend on the cost of the raw materials, 
chemicals, evaporation, equipment and ion exchange resins, 
on the amount and price of sugar recovered in the product, 
and on the effective use of the desugarized fraction (by­
product from the ion exclusion separation). Either one of 
these factors, or their combination, can make the process 
economically feasible or not. The data presented in this 
chapter would permit a preliminary cost estimate of a 100 




Prom the experimental results corresponding to the 
pretreatment process, the following conclusions may be 
offeredi
1. The use of phosphoric acid gave much bettex’ re­
sults in relation to total hardness reduction, 80 to 90$ 
vs. 30 to 52$ for the other mineral acids and invertase 
used for inverting and clarifying the molasses,
2. Even though no color determinations were made on 
the clarified molasses resulting from the different treat­
ments, the clarified molasses resulting from phosphoric 
acid treatment appeared to be, to the naked eye, clearer 
and brighter than the other ones.
3. The use of dilution water notably increased the
mud settling rate. Treated molasses which were not fur­
ther diluted showed a very slow mud settling or not set­
tling at all.
It has been reported in the literature the difficulty 
to separate the precipitate formed when treating even low 
density blackstrap molasses with phosphoric acid and sodium 
hydroxide or lime (precipitate of very fine texture); how-
1^7
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ever, the addition of water, dilution water, to the chem­
ically treated molasses would make possible the use of 
conventional separation techniques typically employed in 
clarifying sugar solutions.
4. The addition of the type of flocculant commonly 
used in the sugar industry does not affect either the re­
duction of calcium and magnesium from the treated molasses, 
nor the rate of settling of the precipitate.
None of the above findings has been reported in the 
literature yet.
Ion Exclusion Separation
From the results of the experiments on ion exclusion, 
the following conclusions may be drawn:
1. Through the use of a two factorial design, it was 
possible to determine the effect of six variables, and 
their interactions, on the efficiency of separation of 
non-sugars from reducing sugars by ion exclusion.
2. The variables that had the strongest influence 
were Feed % BV and resin percent of crosslinkage, # DVB.
3. It is possible by ion exclusion to obtain a high 
purity reducing sugars product fraction of over 99# from 
a feed material of about 55# of purity.
4. From the commercial design study, it was concluded 
that seven columns of 9*25 ft, diameter by 8 ft. height 
would be needed to process 100 Tons/lDay of cane blackstrap 
molasses. Depending on the product cut, a product fraction
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of 95.7 % purity (49 % recovery), or a product purity of 
88,8 % (92.4 fo recovery) would be obtained. The product 
purity, or product recovery, can be changed by changing 
the cutting points in the column effluent.
Finally, the "best" process as developed during the 
course of this research is described in the following 
paragraphs :
1. Dilution of the molasses from about 80 to 85  
°Brix to about 40 to 45 °Brix.
2. Heat the diluted molasses to 210-212 °F.
3 . Add phosphoric acid to take the molasses to pH
2 . 3  to 2.6.
4. Keep at this pH for about 35 to 40 minutes.
5- Neutralize the solution to pH 6 . 9  to ?.3»
6. Add hot deionized water, dilution water, to bring
the clarified molasses in the range of 25 to JO 
°Brix.
7. Separate the precipitate by settling.
8. Concentrate the inverted clarified molasses to
38 to 43 °Brix.
9. Feed the molasses to the ion exclusion column in 
an amount equivalent to 10 to 11 percent bed 
volume.
The following are the operating conditions for the 
exclusion columns!
A. Temperature! 80 °C.
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2B. Plow rates 1.8 ml/min.cm ,
C. Feed Volumes 10.8?S Bed Volume.
D. Resin Crosslinkages tyfo
E. Resin Particle Sizes 50/100 Mesh.
F. L/D ratios 4^.0
From the practical point of view, however, the col­
umn length/column diameter ratio (L/D) has to be notably
reduced. The column has to be long enough to give suffi­
cient residence time for the separation of non-sugars
from reducing sugars to occur.
Recommendations for Future Work
Even though hundreds of laboratory experiments on 
clarification and inversion of molasses were performed 
during this research, it is recommended that future work 
should be done on a pilot plant to have a better test of 
the procedure outlined above. At this point, different 
design of clarifiers should be used.
In the case of the separation step, the effect of the 
operating variables and their interactions were clearly 
determined! however, no attempt was made to determine the 
individual adsorption isotherms and diffusion coefficients 
for reducing sugars and non-sugars. This investigation is 
recommended to be done with inverted cane blackstrap mo­
lasses as feed material. This recommendation is based on 
the fact that molasses is a very complex mixture, and 
that the results would represent the effect of any solute-
solute interaction in the mixture.
Another area of future work is the one related to 
"upgrading" the invert fraction obtained from the exclu­
sion columns. This might involve a complete demineral­
ization, e.g., by a mixed bed of ion exchange resins, 
followed by decolonization to obtain a water white prod­
uct, if necessary. Decolonization can be done by using 
activated carbon or ion exchange resins. Also, pilot 
plant studies should be done on ion exclusion separation. 
These studies would permit to check not only the labora­
tory results obtained from this research, but also the 
figures obtained in the above commercial design.
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Total Hardness Determination. Titration Method.
Prior to the determination of total hardness, the 
clarified molasses was diluted with deionized water to about 
2.0 to 4.0 °Brix, treated with a small amount of activated 
carbon and heated to 145 °F» kept at this temperature for 
about 5 minutes, and let it cool to room temperature, after 
which the molasses was filtered under vacuum using a 1.2 
micron millipore filter.
Five milliliters of the filtered molasses was then 
diluted to 50 ml. with deionized water for total hardness 
(T.H.) determination. The titration method as given in the 
BETZ handbook of Industrial Water Conditioning, p. 371-372 
was followed.
An example of hardness content (as CaCO-j) calculation 
is given below*
Data*
Filtered Molasses Concentrations 39.4 °Brix.
Diluted Molasses Concentration: 1,4 °Brix (Dilution 1*30). 
Volume Diluted Molasses for Analysis* 5 Ml.
Hardness Titrating Solution* Ethylenediaminetetraacetic
Acid (EDTA) Solution, 3-723 g/l. 1 Ml EDTA Solution = 1 mg. CaC03 (From Previous Stan-
darizations)
Ml EDTA used during titration* 3-2
Calculations:
Mg CaC03 * 0A =     = -liA  - n AhA Ml Diluted Molasses 5.0
■a _ g. CaC03 _ A * Dilution Factor
100 ml Molasses 10
g * C aC 0 ̂
100 g. Molasses
__________ B _______
sp.gr, at 39-^ °Brix
g. CaC03
_ 1 100 g. Molasses _ 100 * C
1UU g T. Solids OBrix
100 g. Molasses
= %  T. H./°Brix.
APPENDIX B-l
General Approach for Calibration and Analysis of Samples 
by High Pressure Liquid Chromatography.
The■procedure for liquid chromatographic (LC) quan­
titation as given by the manufacturer of the equipment 
was followed. This particular procedure required the use 
of a Data Module. The Data Module is a microprocessor 
based printer/plotter/integrator designed to give quanti­
tative information for high pressure liquid chromatography 
(HPLC) applications.
Briefly, the procedure for analysis of samples 
consisted of the following steps:
1. Input Set-up Parameters. To set date, time, 
chart speed, plotting mode, pen-zeroing posi­
tions and LC mode.
2. Inject Standard. To obtain a chromatogram of 
standard components and determine their reten­
tion times, and to check the integration para­
meters, peak width, noise rejection, area re­
jection, run time, and auto parameters, in 
order to optimize peak detection, integration, 
and rim time analysis.
3. Optimize Peak Integration. The peak integra­
tion parameters are optimized in order to get 
an accurate and reproducible integration.
If necessary, change the integration parameters 
At this point, the standard is reinjected to 
check the new integration parameters settings.
5. Input the Calibration Table. To input the in­
formation on peak type, retention time, and con 
centration of each peak.
6. Calculate the Response Factors. This calcu­
lation is done in calibration mode. Usually 
more than five injections of standard are re­
quired to obtain a "good" average of the 
response factor. The response factor, deter­
mined by the Data Module, is the relationship 
between response and concentration for each 
peak.
RF = Concentration of Component 1f>n Area of Peak x iuu
7. Analyze Samples. The amount of each peak in 
the sample is calculated and printed in hard 
copy by the Data Module. The area of each 
peak and the response factor calculated in the 
calibration run are used for this calculation.
Prior to the start of calibration or analysis of 
samples, the HPLC was run at the required temperature 
and flow rate for about 6 0 to 90 minutes.
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Preparation of Samples and Solvent; All samples to be 
injected to the HPLC system were filtered under pressure 
through a 0.^5 micron millipore filter. For the case of 
molasses samples, they were diluted to a range of 3 to 6 
°Brix. For either calibration or analysis 10 microliters 
of sample was injected to the column.
Distilled and deionized water filtered through a 
0.^5 micron millipore filter, containing a small amount 
of Sodium Azide, was used as solvent for all the analysis 
run during the present investigation.
As an example, the following Tables Bl-I and Bl-II 
show the results obtained from a calibration and analysis 
of molasses respectively.
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TABLE Bl-I. HPLC Calibration











T-40 - Sucrose Glucose Fructose
9.9134




















9.9582 19-87^3 14- .9102 14.9784
+ 0.4-180 +0 .6 2 8 5 +0.5987 +0.1440
0 .1 7 2 1 0 .1 1 5 2 0.094-8 0.1571




Concentration of the i component 
in the standard.
Concentration of the i component 




TABLE Bl-II. HPLC Molasses Analysis
Grains /Liter
N-Sugars Sucrose R-Sugars
14.9196 1.1810 21.704615.0928 1.2030 21.878414.9247 1.3834 21.986215.1490 1.1592 21.7931
15.1635 1.2318 21.7691
15.2591 1.1916 21.7179
Avgs - 15.0848 1.2250 21.8082
sx* 0.1369 0.0812 0.1070
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APPENDIX B-2
Conversion of the Ion Exchange Resin to Sodium Form.
The ion exchange resin was converted to the sodium 
form according to the procedure given in section 5* P* 52» of 
the book Dowex::Ion Exchange, published by Dow Chemical Co.
Before conversion the resin was backwashed three 
times, after which a solution of sodium chloride {10 percent 
by weight) was injected to the botton of the column at a flow 
rate of about 1.0 ml/min.cm2. The amount of sodium chloride 
was calculated to give about 200 fo the total resin capacity 
(1 . 9 Meq/ml. wet resin).
After all the regenerant solution has passed through 
the column, the resin was rinsed with deionized water until 
the effluent gave no reaction to silver nitrate {Ag NO3 ). 
After rinse, the resin was again backwashed three times.
Calculations to determine the amount of NaCl to be 
used for regeneration:
Data:
Resin Capacity, 1.9 meq./ml.Column Diameter: 1 inch.
Column Length: ^3 inch.




Total Meq. = 1.9 x 553 = 1052 Meq,
= 1 .0 5 2 eq.
Theoretical Na+ = 1.052 eq. x 23 g. Na+/eq.
= 24.180 g. Na+
2 x Theoretical Na+ = 24.18 x 2 = 48.36 g. Na+
NaCl Mol. Wt. = 58.44
Percent of Na+ in NaCl = (23/58.44) x 100
= 39.36 %.
Amount of NaCl * -4 8 .36/0 .3 9 3 6 = 122.8? g.
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APPENDIX C
TABLE C-I. Pretreatment Process. Clarification Studies.
Preliminary Experiments
Molasses Concentration: 41.3 Brix.
Molasses Initial pH: 6.1
Molasses Temp. Before Treatment: 75 F.
Stock Solution of Flocculant: 0.9 Wt. Percent. 











Cl-1 5.0 7.3 25.4 100Cl-2 k.o 7.2 57-0 100
ci-3 4.o 7-2 57.0 100Cl-4 4.0 7-2 57.0 100
ci-5 4.0 7.6 57-0 100Cl-6 4.0 6.7 3 0 . 0 100Cl-7 4.0 7-3 6 0 . 0 100Cl-8 4.0 8 . 0 34.0 100
ci-9 5.0 7.3 18.0 1005.0 7.3 34.0 1005.0 7.3 48.0 100Cl-10 5-0 8 . 0 18.0 100
5.0 8 . 0 34.0 100
5.0 8 . 0 48.0 100
5.0 8 . 0 60.0 100
TABLE C-II. Pretreatment Process, Clarification Studies.
Preliminary Experiments
Molasses Concentration: 41.3 °Brix 
Molasses Initial pH: 6.1 
Molasses Temp. Before Treatment: 167 F. 
Stock Solution of Flocculant: 0.024 Wt. fo 
pH Treatment: pH{l) =5-0 
pH(2) = 7.3
Flocculant
Run Addition % Mud in
Number X ml/Y ml* 5 Minutes
Cl-11** 2 0 /2 5 100
Cl-12 5/25 100
Cl-13 10/25 100Cl-14 15/25 100Cl-15 2 0 /2 5 100Cl-16 5/25 100Cl-17 10/25 100Cl-18 15/25 100Cl-19 20/25 100Cl-20 1/25 100Cl-21 2/25 100Cl-22 3/25 100Cl-23 4/25 100
* Dilution of the stock solution of flocculant: 
X ml of stock solution diluted to Y ml with 
deionized water, X ml/Y ml.
** Temperature before treatment = 210 °F 
pH Treatment: pH(l) = 5*0 pH(2) = 8.0
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TABLE C-III. Pre-treatment Process. Clarification Studies.
Preliminary Experiments
Molasses Concentrations 33*3 Brix. Molasses Initial pHs 6.1
Stock Solution of Flocculant: 0.0236 Wt, % 






























1 0 /2 5
15/25
















TABLE C-IV. Pretreatment Process. Clarification Studies.
Preliminary Experiments
Molasses Concentration: 47.0 Brix. Molasses Initial pH: 6.1 
Molasses Temp. Before Treatment: 210 F. 
Stock Solution of Flocculant: 0.0236 Wt. % 
pH Treatment: pH(l) = 5-0 
pH(2 ) « 7-3
Flocculant
Run Addition % Mud in
Humber X ml/Y ml 5 Minutes
01-36 5/25 100el- 3 7 1 0 /2 5 100
ci-3 8 1 5 / 7 5 100
Cl-39* 20/100 100
* 200 ml of hot deionized water {l6o F) were added
to the treated molasses (after flocculant addition 
and 5 minutes settling time). Immediate settling 
was observed giving a percentage of mud in 5 
minutes of 33
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TABLE C-V. Pretreatment Process. Clarification Studies.
Preliminary Experiments
Molasses Initial pH: 6.1
Molasses Temp. Before Treatment: 210 °F
Stock Solution of Flocculant: 0.05 Wt. $
Run Sample Treatment
Number °Brix pH( 1) PH{ 2 )
Cl-40 42.7 5.0 6.9Cl-41 3 6 . 6 5.0 6 . 9Cl-42 34.3 5.0 6 . 8Cl-43 24.4 5.0 7-3Cl-44 34.9 5.0 7.3ci-4 5 26.1 5.0 7.3Cl-46 4 2.3 5.0 6 . 9Cl-14-7 33.3 5.0 6 . 9Cl-48 31.9 5.0 7.2Cl-49 26.0 5.0 7.3cl- 5 0 4-1.8 5.0 7.2
cl-51 36.4- 5.0 7.3Cl-52 32.1 5.0 7.3Cl-53* 42.9 5.0 7.3cl- 5 4 42.9 5.0 7.3Cl-55 34.1 5.0 7.3ci-56 34.1 5-0 7.3
C1-57 34.2 5.0 7.3Cl-58 35.9 5.0 7.3Cl-59 35.9 5.0 7.3Cl- 6 0 31.4 5.0 7-3Cl -61 39.5 5.0 7.3Cl-62 39.5 5.0 7-3Cl-63 39.5 5.0 7.3
* The diluted solution 0 
145 F.
Flocculant Addition % Mud in 
X ml/Y ml 6 Minutes
3/3 1003 n  ioo3/3 ioo3/3 100l/l 1001/1 100
1 /5 0 ioo
1 /5 0 iooi/3o ioo1/50 1001/100 100l/l 00 100l/l 00 100
1 /1 5 0 1000.5/150 100
1 /1 5 0 65
0.5 /1 5 0 100
1 /1 5 0 71
1 /1 5 0 54
0.5 /1 5 0 47
1 /1 5 0 73
2 /1 5 0 65












-VI. Pretreatment Process. Clarification Studies. 
Preliminary Experiments
Molasses Concentration: 39*5 °Brix.
Molasses Initial pH: 6.1
Stock Solution of Flocculant: 0.05 Wt. fo.
pH Treatment: pH(l) = 5*0
pH( 2) = 7.3
Molasses 
Temperature Flocculant
Before Treatm. Addition % Mud in
______F . X ml/Y ml* 5 Minutes
164 1/150 100
180 1 / 1 5 0 92180 2/150 90
180 3 / 1 5 0 88
190 1/150 92
190 2 / 1 5 0 93
190 3/150 88
200 2 / 1 5 0 88
200 3/150 75
Temperature, of Diluted Flocculant Solution: 14-5 °F.
TABLE C-VII. Pretreatment Process. Clarification Studies.
Preliminary Experiments
Molasses Concentration: 39*1 Brix.
Molasses Initial pH: 6,1
Molasses Temp. Before Treatment: 210 °F.
Stock Solution of Flocculant: 0.02 Wt. fo.
Temp. Diluted Floe. Solution: 1^5 °F. pH Treatment: pH(l) = 5-0 
pH(2) = 7.3
Flocculant
Run Addition fo Mud in
Number X ml/Y ml 5 Minutes
Cl-73 3/3 100Cl-7^ 6/i 100
ci-75 9/9 100Cl-7 6 3/150 86el-7 7 6/150 83C1-7B 9/150 65
Cl-79 9/150 63
TABLE C-VIII. Pretreatment Process. Clarification
Studies.
Preliminary Experiments
Molasses Concentration: 39-2 °Brix.
Molasses Initial pH: 6,1
Stock Solution of Flocculant: 0.02 Wt. fo .  
Temp. Diluted Floe. Solution: 145 °F. 























X ml/ Y ml






2 1 /1 5 0
1 5 /1 5 0
1 8 /1 5 0
2 1 /1 5 0
2 1 /1 5 0















Molasses Concentration: ,39*2 °Brix. 
Molasses Initial pH: 6.1
Molasses Temp. Before Treatment: 210 °F.
Stock Solution of Flocculant: 0.02 Wt. fo.
pH Treatment: pH(l) = 5*0 
pH(2) = 7.3
Flocculant TemperatureAddition Floe. Solution f> Mud in
X ml/Y ml  oF_.  5 Minutes
2 1 / 1 5 0 1^5 bo
21/150 68 7121/21 68 100
Stock solution of flocculant, without further 
dilution, was added to the treated molasses in 
equal volumes of 7 ml each.
TABLE G-X, Pretreatment Process. Clarification Studies.
Preliminary Experiments
Molasses Initial pH: 6.1
Molasses Temp. Before Treatment: 210 °F.
Stock Solution of Flocculant: 0.02 Wt. fo.
Temp. Diluted Flocculant Solution: 145 °F«
Flocculant
Run Molasses Treatment Addition fo Mud in fo T. HariNumber °Brix PH<1) PH(2) X ml/Y ml 5 Minutes Reductii
Cl-93 39.0 4.0 5.0 21/150 22Cl-9 4 39.2 6.1 5.0 42/300 39 ---------
Cl-95 39.2 4.0 5-0 21/150 38 ---------Cl-96 39.2 4,0 4.0 21/150 38 ---------
Cl-97 38.9 5.0 7-3 42/300 57 39.0Cl-98 38.9 5.0 5.0 42/300 40 0.0
Cl-99 38.9 4.0 4.0 21/150 38 14.6C1-100* 38.9 4.0 4.0 2 1 /1 5 0 40 ---------28.7 4.0 7.3 9/100 100 68.0Cl-101* 39.5 4.0 4.0 42/300 41 — —
27.3 4.0 8 . 0 42/300 100 6 7.OCl-102 39.5 6.1 8 . 0 42/300 6 31.0
The clear molasses at pH 4.0 was treated with Sodium Hydroxide to 
pH 7.3 and 8.0 for experiments 100 and 101 respectively. Very fine 
precipitate remained in suspension at 5 minutes settling time.
APPENDIX D
Experimental Data. Elution Curves, Cumulative Elution 
Curves, and Product vs Recovery Curves.
Data Forms:
TABLE D-I 
ION EXCLUSION TRIAL - 34
DATE: 11/3/1980 PACKING: Dowex 50W-X4, Na+
BED HEIGHT: 114.3 cm. BED X-AREA: 5-04 sq. cm.
FEED VOL.: 20 cu.cm. FEED N-SUGARS: 18 .2716 wt.$
FEED INJECTION AT: Sample 3 ELUANT: D.I. Water
PACKING MESH SIZE: 50/100 
TEMPERATURE: 50 °C 
FEED R-SUGARS: 19.074? wt.j6 
AVG. FLOW RATE: l.?8 ml/min.cm2
FRACTION







3-17 207.918 14.8 1:38.4 - 0.74 0 .0 2 7 0 -
19 14.8 - 0 .5 2 .5 0 0.1122 -20 14.8 1:38.0 1.0 4.30 0.2004 —21 14.8 - 1 .7 6 .3 0 O .2987 —22 14.6 1*37.0 2 . 7 9.00 0.4753 -23 14. 0 - 4 . 9 17.50 • 0.7940 -24 14.4 1:36.8 6 . 3 28.00 0.9231 -25 14.6 - 6 .3 30.70 O .7966 0.003926 14.6 1:38.0 3 . 7 16.50 0.3666 0.041927 14.7 - 2 . 3 2.85 0 .0 7 0 6 0.214928 14.6 - 3 .1 0.68 0 .0 2 2 3 0.407529 14.7 - 4.4 0.28 0 .0 0 9 9 0.630230 14.2 1:38.4 5 . 2 0.18 0 .0 0 6 2 0.7310
31 15-0 - 5 .1 - — 0.791832 15.0 - 4.4 - - 0.687733 15.0 - 3.3 _ • 0 .496634 14.8 1:39.5 2.0 - - 0.3134




ION EXCLUSION TRIAL - 35
Date: 11/3/1980 Packing: Dowex 50W-X4, Na+
Bed Height: 44.0 cm. Bed X-Area: 5*04 sq.cm.
Packing Mesh Size: 50/100 Feed Vol.: 60 cu.cm.Feed Injection At: Sample 30 Eluant: Deionized Water
Feed N-Sugars: 1 8 .2 7 1 6 wt,f> Feed R-Sugars: 19.0747 wt,f>
Avg, Flow Rate: 1 . 7 8 ml/min.sq.cm. Temperature: 50 °C.
FRACTION
Weight fo Weight fo Cumulative Weight fo
imber N-Sugars R-Sugars N-Sugars R-Sugars
45 0.889 0.889 _46 2.579 - 3.468 -
47 3.684 - 7.152 -48 5.140 - 1 2 .2 9 2 -
49 6 . 4 9 3 - 18.785 —50 8.044 - 26.829
51 9.294 - 36.123 -52 10.861 - 46.984 —
53 11.828 0.163 58.812 0.16354 12.507 0.597 71.319 0 .7 6 055 9.855 2.656 81.174 3.41656 7.565 5.608 88.739 9.024
57 4,866 8.501 93.605 17.52558 3.349 12.192 96.95^ 2 9 .7 1 759 1.780 13.719 98.734 43.436
60 0.697 13.613 99.431 57.04961 0.263 12.502 99.694 69.55162 0.126 1 0 .7 7 2 99.820 80.323
63 0.088 8.629 99-908 88.95264 0.054 5.926 99.962 94.878
65 0.038 3.185 100.000 98.01366 - 1.362 - 99.425




ION EXCLUSION TRIAL - 36
Date: 11/5/1980 Packing: Dowex 50W-X4, Na+
Bed Height: 111.8 cm. Bed X-Area: 5-04 SG* cm.
Packing Mesh Size: 50/100 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 3 Eluant: Deionized Water
Feed N-Sugars: 18.2716 wt.̂ S Feed R-Sugars: 19.0747 wt.?S
Avg. Flow Rate: 3*06 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight f> Weight fo Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
19 0.4-03 - 0.40320 2.838 - 3.24121 , 7.509 - 10.75022 1 1 .9 2 1 - 2 2 .6 7 1
23 13-381 - 36.05224 13.912 - 49,964
25 13.942 - 63.906
26 13.724 0.164 7 7 .6 3 0 0.164
27 IO.6 6 9 0 .6 0 2 8 8 .2 9 9 0 .7 6 6
28 7.074 3.175 9 6 .2 7 3 3-941
29 2.154 4.984 9 9 .0 2 7 8 . 9 2 530 0.74l 8.195 99 .7 6 8 17 .12031 0 .2 3 2 11.012 100.000 28.132
32 - 12.689 - 40.82133 - 13.096 - 53.91734 - 11.461 - 65.37835 - 1 0 .478 - 75.85636 - 8.489 - 84.34537 - 6.573 - 90.91838 - 4.276 - 95.194
39 - 2 . 8 6 6 - 9 8 . 0 6 0




ION EXCLUSION TRIAL - 37
Dates 11/5/1980 
Bed Heights 111.8 cm.
Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 34 
Feed N-Sugarss 18.2716 wt.f
Packings Dowex 50W-X4, Na+ 
Bed X-Areas 5*o4 sq.cm.
Feed Vol. 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 19.0747 Wt.?S
Avg. Flow Rates 3*06 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight fo Weight % Cumulative WeightNumber N-Sugars R-Sugars N-Sugars R-Suga:
51 0.551 _ 0.551 _52 I .778 - 2.329 -
53 3.064 - 5.393 -
5^ 4.273 - 9.666 -
55 4.972 - 14.638 -56 6.057 - 2 0 .6 9 6 -
57 7.434 - 28.130 -58 ' 8.895 - 37.025 -
' 59 8 . 7 7 2 0.085 45.797 0 .0 8 5
60 8.524 0.449 54.321 0.534
61 8.573 2.058 . 62.894 2 . 5 9 262 7.186 3.362 70.080 5.954
63 6.121 4.266 7 6 .2 0 1 1 0 .2 2 064 5.250 5.986 81.451 1 6 .2 0 6
65 4.628 7.337 8 6 .0 7 9 23.54366 3.943 8.533 9 0 .0 2 2 3 2 .0 7 6
67 2 . 7 3 8 8.268 9 2 .7 6 0 40.34468 ■ 2.720 8.794 95.^80 4 9 .1 3 8
69 1.647 8.857 97.127 57.99570 1.218 7.920 98.345 65.915
71 0.818 7.704 99.163 73.619
72 0.459 7.234 99.622 80.85373 0.188 6.553 99.810 8 7 .5 0 674 0.088 5.192 99.898 9 2 .6 9 8
75 0.043 3.829 99.441 96.52776 0.035 2 . 2 2 7 99.976 98.754




ION EXCLUSION TRIAL - 38
Datei 11/7/1980 Packing: Dowex 50W-X4, Na+
Bed Height: 114.3 cm. Bed X-Area: 5«o4 sq.cm.
Packing Mesh Size: 50/100 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 2 Eluant: Deionized Water
Feed N-Sugars: 1 8 .2 7 1 6 wt ,f> Feed R-Sugars: 19.0747 wt.$
Avg. Flow Rate: I . 7 0 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Number Weight f> N-Sugars
Weight f> 
R-Sugars Cumulative Weight fa N-Sugars R-Sugars
18 3.090 «■* 3.090
19 7.356 - 10.446 -20 II. 696 — 22.142 —21 13.294 - 35.436 -22 14.404 - 49.840 -
23 Ik.6l6 - 64.456 —24 16.874 - 81.330 -
25 14.431 0.703 95.761 0 .7 0 3
26 2.930 1.107 98.691 1.810
27 0.593 3.518 99.284 5 . 3 2 828 0.264 8.439 99.548 1 3 .7 6 7
29 0.138 14.97519.494 99.686
28.742
30 0 . 1 0 6 99.792 48.236




ION EXCLUSION TRIAL - 39
Dates H / 7/1 9 8O Packings Dowex 50W-X4, Na
Bed Heights 113*0 cm. Bed X-Areas 5*04 sq.cm.
Packing Mesh Sizes 50/100 Feed Vol.s 60 cu.cm.
Feed Injection At: Sample 42 Eluants Deionized Water
Feed N-Sugars: 18.2716 wt >f> Feed R-Sugars: 19.0747 wt,f>
Avg. Flow Rates 1.70 cu.cm./min. sq.cm. Temperatures 80°C
FRACTION
Weight % Weight % Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
51 1 .2 5 2 _ 1 .2 5 2 —52 2 .7 1 6 - 3.968 -
53 4. 097 - 8 . 065 -54 5.224 - 13.289 -
55 6.343 - 19.632 -56 6.804 - 26.436 -
57 8.535 - 34.971 -58 9*739 - 44.710 -59 9*756 - 54.466 -
60 10.371 - 64.837 -
61 1 1 .0 3 2 - 75.869 -
62 10.615 - 86.484 -
5.385 - 91.869 -64 2.445 - 94.314 -
65 1 .8 6 2 - 96.176 -
66 1.284 0.146 97.460 0.146
67 1 .0 3 2 0.537 98.492 0.683
68 0.717 1 .6 5 2 99.209 2.335
69 0.438 7.424 99.647 9.759
70 0.174 10.746 9 9 .8 2 1 20.505
71 0 .0 8 8 14.087 99.909 34.59272 0.057 14.430 99.966 49 .022
73 0.057 14.244 1 0 0 .0 0 0 6 3 .2 6 674 0.034 12.147 - 75-413
75 - 1 0 .7 8 2 - 86.19576 - 7.569 - 93.764




ION EXCLUSION TRIAL - 40
Dates 11/8/1980 
Bed Heights 113*0 cm. 
Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 3 
Feed N-Sugars: 1 8 .2 7 1 6 wt.#
Packings Dowex 50W-X4, Na+ 
Bed X-Areas 5.04 sq.cm.
Feed Vol.s 20 cu.cm.
Eluants Deionized Water 
Feed R-$ugarss 1 9 .0 7 4 7 wt.$
Avg. Flow Rates 3*02 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Number Weight i<> N-Sugars
Weight % R-Sugars CumulativeN-Sugars
Weight ? 
R-Suga]
18 2.920 _ 2.920 _
19 6.529 - 9.449 -
20 10.288 - 19.737 -
21 12.689 - 32.426 -
22 1 3 .0 5 2 - 45.478 -
23 13*126 - 58.604 -24 14.152 - 72.756 -
25 12.657 - 85.413 -
26 9 .6 7 6 0.539 95.089 0.53927 3 .2 2 1 1 .2 3 0 98.310 1.76928 0 .9 8 8 4.010 99.298 5.779
29 0.311 7 .6 0 0 99.609 13.37930 0 .1 2 6 1 0 .8 8 6 99-735 24.265
31 0. 082 14.130 99.817 38.39532 0.064 15.576 9 9-8 8 1 53.97133 0.037 14.602 99.918 68.573
3^ 0.035 1 1 .9 0 1 99.953 80.47435 0 .0 3 2 8.864 99-985 89.33836 0.015 5-581 1 0 0 .0 0 0 94.919




ION EXCLUSION TRIAL - 41
Dates 11/8/1980 
Bed Heights 113.0 cm. 
Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 3 
Feed N-Sugarss 18.2 7 1 6 wt,$
Packings Dowex 50W-X4, Na+ 
Bed X-Areas 5-04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugarst 19.0747 wt,%
Avg. Flow Rates 3-02 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Weight fo Weight % Cumulativember N-Sugars R-Sugars N-Sugars
69 0.561 0.56170 1.792 - 2.353
71 3.241 - 5.59472 4.220 - 9.814
73 5.245 - 15.05974 5.945 - 21.0046.744 - 27.748
76 7.797 - 35.545
77 8.122 - 43.66778 9.538 0.194 53.205
79 8.400 0.376 6 1 .6 0 580 7.467 2.119 6 9 .0 7 281 6.905 4.102 75.97782 5.428 5.870 81.405
83 5.053 6.707 86.45884 4.099 8.590 90.557
85 3.303 8.126 9 3 .8 6 086 2.616 8.465 9 6 .4 7 6
87 1.746 9.579 98.22288 0.801 9.5H 99.023
89 0.524 9.360 99.54790 0 .1 5 2 8.370 99.699
91 0.112 7.564 99.81192 0 .0 7 0 5.407 99.881
93 0.058 3-433 99-93994 0.040 1.552 99.979


















ION EXCLUSION TRIAL - 42
Date:, 11/12/1980 Packing: Dowex 50W-X8, Na+
Bed Height: 113*0 cm. Bed X-Area: 5>o4 sq.cm.
Paeking Mesh Size: 50/100 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 2 Eluant: Deionized Water
Feed N-Sugars: 1 8 .2 7 1 6 wt. f> Feed R-Sugars: 19.0747 wt S  
Avg. Flow Rate: 1.82 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight fo Cumulative Weight f>
Number N-Sugars R-Sugars N-Sugars R-Sugars
17 2.137 - 2.137
18 7*620 - 9*757 0 .2 0 7
19 ' 11.928 0.207 21.685 1 .0 6
20 1 6 .1 3 8 0.853 37.823 5 .1 0 8
21 18.964 4.048 5 6.787 1 2 .9 3 2
22 20.414 7.824 77.201 2 7 .7 0 5
23 12.385 14.773 89.586 44.09924 4.641 1 6 .3 9 4 9 4 .2 2 7 5 9 .9 1 2
25 2.164 1 5 .8 1 3 9 6 .3 9 1 73.17126 1.245 13.259 97.636 8 2 .7 1 3
27 0.840 9.542 98.476 94.556
28 0 .5 6 8 6.895 99.044 97.8
29 0.415 4.948 99.459 100.00030 0 .3 0 6 3.244 99.765




ION EXCLUSION TRIAL - 43
Dates Il/l2/l980 Packing: Dowex 50W-X8, Na
Bed Height: 111.8 cm. Bed X-Area: 5.04 sq.cm.
Packing Mesh Size: 5°/lOO Peed Vol.: 60 cu.cm.
Feed Injection At: Sample 31 Eluant: Deionized Water
Peed N-Sugars: 1 8 .2 7 1 6 wt,fo Feed R-Sugars: 19-0747 wt
Avg, Flow Rate: 1,82 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight % Weight f> Cumulative Weight ?
Number N-Sugars R-Sugars N-Sugars R-Sugai
45 1.209 _ 1.209 —46 3-720 - 4.929 -
47 8.287 - 1 3 .2 1 6 -48 1 0 .6 2 7 0 .1 9 2 23.843 0.192
49 11.184 0 .6 8 5 35.027 0.87750 II. 2 7 6 2 . 6 6 0 46.303 3.537
51 1 0 .5 0 0 4 . 5 9 9 56.803 8.13652. 10.182 5 . 7 2 0 66 ,9 8 5 13.856
53 9.129 7 .5 2 6 76.114 21.38254 8.982 10 .9 6 6 8 5 .0 9 6 32.348
51 6.982 1 1 .3 7 7 92.078 43.72556 3.977 1 2 .1 2 9 96.055 55.85457 2 . 0 2 3 1 2 .2 6 3 98.078 68.11758 0.758 10.140 98.836 78.254
59 0.372 7 .6 0 9 99.208 85-866
60 0.241 5.387 9 9 .4 4 9 91.25361 0.171 3.392 99.62 94.64562 0.135 2.283 99-755 96.928
63 0 .0 8 9 1.^53 99.844 98.38164 0 .0 7 9 0.990 99.923 99.371




ION EXCLUSION TRIAL - 44
Dates II/13/I9 8O Packings Dowex 50W-X8, Na+Bed Height: 111.8 cm. Bed X-Area: 5.04 sq.cm.
Packing Mesh Sizes 50/100 Feed Vol.s 20 cu.cm.
Feed Injection Ats Sample 2 Eluants Deionized Water
Feed N-Sugarss 18,2716 wt.fo Feed R-Sugars: 19.07^7 wt.?S
Avg. Flow Rates 1.81 cu.cm./min.sq.cm. Temperatures 8o°C
FRACTION
Weight fo Weight fo Cumulative Weight f>
Number N-Sugars R-Sugars N-Sugars R-Sugars
17 0 .894- - O.894-
18 4-.814- - 5 . 7 0 8
19 IO. 6 3 9 - 16.34-7
20 1 6 .3 1 8 0 .054- 3 2 . 6 6 5 0 .054-21 20.083 0.254- 52.748 0.308
22 20.937 O . 788 73.685 1.096
23 15.4-78 5 .0 7 2 8 9 . 1 6 3 6 . 1 6 8
24- 6.119 11.4-4-5 9 5 -2 8 2 1 7 .6 1 3
25 2 . 1 8 1 1 6 .1 0 8 97.4-63 3 3 -721
26 0.911 18.4-4-1 98.374- 52.162
27 0.504- 1 7 .2 2 2 9 8 .8 7 8 6 9 .384-
28 0 .3 6 8 1 2 .9 8 5 99.24-6 8 2 .3 6 9
29 0.245 8 . 3 8 3 99.4-91 9 0 .7 5 230 0.225 4.937 99.716 95.689
31 0.156 2 . 7 4 8 9 9 . 8 7 2 98.437




ION EXCLUSION TRIAL - 45
Dates 11/13/1980 Packings Dowex 50W-X8, Na+Bed Height: 111.8 cm. Bed X-Areas 5*°4 sq.cm.
Packing Mesh Sizes 50/100 Feed Vol.: 60 cu.cm.
Feed Injection At: Sample 30 Eluant: Deionized Water
Feed N-Sugars: 1 8 .2 7 1 6 wt.fo Feed R-Sugarss 19.0747 wt.f

















Weight fo Weight f> Cumulative Weight %N-Sugars R-Sugars N-Sugars R-Sugars
1. 080 1.0802.846 - 3.926 -
5.229 - 9.155 -
7 . 8 8 7 - 17.042 -
8.939 0.109 2 5 .9 8 1 0.10910.212 0.358 36.193 0.46710.746 2.083 46.939 2.59010.646 3.887 57.585 6.4379.852 5.830 67.437 12.2678.590 7.127 7 6 .0 2 7 19.394
6.513 8.595 82.54 2 7 .9 8 95.392 9.409 87.932 37.398
4.453 1 0 .8 3 2 92.385 48.2303.300 1 0 .6 5 8 95.685 58.888
2 . 0 6 9 10.844 97.754 69.7320.958 10.057 9 8 .7 1 2 79-7890.433 8.091 99.145 8 7 . 8 8 0
0.277 5.627 99.^22 93.5070.193 3-321 99.615 9 6 .8 2 90.147 1.623 99.762 98.452
0.119 1.004 99.881 99.456




ION EXCLUSION TRIAL - 46
Date: 11/18/1980 Bed Height: 111.1 cm. 
Packing Mesh Size: 50/100 
Feed Injection At: Sample 2 
Feed N-Sugars: 18.2 7 1 6 wt.?S
Packing: Dowex 50W-X8, Na Bed X-Area: 5*04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 19*0747 wt.fo
Avg. Flow Rate: 3.07 cu.cm./min,sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight fo Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
18 0.748 - 0.748
19 5*783 - 6 .5 3 120 15*668 -  22.199
21 20.517 0.487 42.716 0.487
22 21.626 1.729 64.342 2 .2 1 6
23 15.288 6.622 79.630 8.838
24 10.795 10.758 90.425 19.596
25 5.965 13.333 96.390 32.92926 2.065 14.288 98.459 47*217
27 0.699 12.709 99.154 59.926
28 0.324 10.309 99.478 7 0 .2 3 5
29 0.203 8.394 99.681 7 8 .6 2 9
30 0.141 6.239 99.822 84.86831 0 . 0 7 4 4 . 7 8 2 9 9 .8 9 6 8 9 .6 5 0
32 0.040 3.776 99-936 93.426
33 0 .0 3 2 2 . 9 7 0 9 9 .9 6 8 96.39634 0 .0 3 2 2.082 100.000 98.478
35 - 1 .5 2 2 1 0 0 .0 0 0
192
TABLE D-XIV
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 46 
(Duplicate Trial)
Dates 11/18/1980 
Bed Height: 109. 8 cm.
Packing Mesh Sizes 50/100 
Feed Injection At: Sample 62 
Feed N-Sugarss 18.2716 wt. fo
Packings Dowex 50W-X8, Na 
Bed X-Areas 5-04 sq.cm.
Feed Vol.! 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 19.0747 wt.%
Avg, Flow Rates 3*07 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight fo Cumulative Weight ?lumber N-Sugars R-Suears N-Sugars R-Suga]
76 1.909 0.209 1.909 0.209
77 8.282 0.047 10.191 0 .2 5 678 16.639 0.148 2 6 .8 3 0 0.404
79 19*178 0.595 46.008 0.999
80 19*559 2.885 65.567 3.884
81 15.589 7.301 8 1 .1 5 6 1 1 .1 8 582 10.992 12.519 92.148 23.704
83 4.599 14.328 96.747 38.03284 1.583 14.113 98.330 52.14585 0 .7 0 6 12.067 99.036 64.212
86 0.373 9.636 99.409 73.848
87 0.247 7.716 99.656 81.56488 0 .1 6 8 6.091 99.824 87.655




ION EXCLUSION TRIAL - 47
Dates ll/l8/1980 
Bed Heights 110.5 cm.Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 29 
Feed N-Sugarss 18.2716 vtt.fo
Packings Dowex 5W-X8, Na 
Bed X-Areas 5«°4 sq.cm.
Feed Vol.s 60 cu.cm.Eluants Deionized Water 
Feed R-Sugars s 19*0747 wt,f>Avg. Flow Rates 3*07 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight fo Weight f> Cumulative Weightlumber N-Sugars R-Sugars N-Sugars R-Sugaj
43 0.388 0.38844 1.285 - 1.673 -3.282 0.030 4.955 0.03046 6 .2 2 3 0 .0 6l 11.178 0.091
47 8.464 1 0.227 19.642 0.31848 10.683 0 .6 1 1 30.325 0.929
49 10.640 2.806 4 0 .9 6 5 3.73550 9*988 4.575 50.953 8.310
51 8*336 6.478 59.289 14.78852 7*501 7.498 6 6 .7 9 0 22.286
53 6*776 7.790 73.566 30.07654 5.544 8 . 0 6 0 79.110 38.136
55 5.234 8.959 84.344 47.09556 4.077 7.921 88.421 55*016
57 3.409 7.570 91.830 62.58658 2.809 7.190 94.639 6 9 .7 7 6
59 2.049 6.372 9 6 . 6 8 8 76.148
60 1.499 5.863 9 8 .I87 82.01161 0.840 5.120 99.027 87.13162 0.397 3-939 99.424 91.07063 0.206 2.918 99.630 93.98864 0.130 2.146 99.760 96.134
65 0 .0 9 0 1.484 99.850 97.61866 0 .0 6 1 1.045 99.911 9 8 .6 6 3




ION EXCLUSION TRIAL - 48
Date: H / 23/1 9 8O Packing: Dowex 50W-X8. Na+
Bed Height: 111.8 cm. Bed X-Area: 5-04 sq.cm.
Packing Mesh Size: 50/100 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 2 Eluant: Deionized Water
Feed N-Sugars: 18.27 1 6 w t F e e d  R-Sugars: 19*0747 wt.$ 
Avg. Flow Rate: 3*13 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight % Weight % Cumulative Weight %Number N-Sugars R-Sugars N-Sugars R-Sugari
17 0 .6 5 2 _ 0 .6 5 2 —18 3*856 - 4 . 5 0 8 -
18 10.817 - 15.325 -
19 16.236 - 31.561 -20 1 7 .2 6 9 - 48.830 -21 15.814 0.330 64.644 0.33022 1 0 .3 6 7 2.862 75.011 3.192
23 8 . 7 7 4 6.749 83-785 9.94124 6.682 7.990 90.467 17.931
2! 4.738 10.067 95.205 27.99826 2.757 12.514 97.962 40.51227 1.040 1 2 .5 7 0 99•002 53.082- 28 o.4oo 11.719 99.402 64.80129 0 .2 2 0 10.309 99.622 75.11030 0 .1 3 8 8.482 99.760 83.592
31 0.114 6.529 99.874 90 .1 2 132 0.062 4.659 99.936 94.780
33 0.064 2.896 100.000 97.67634 - 2.324 - 100.000
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TABLE D-XVII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 49 
(Duplicate Trial - 4-8)
Date: 11/23/1980 Packing: Dowex 50W-X8, Na+
Bed Height: 111.8 cm. Bed X-Area: 5.04 sq.cm.
Packing Mesh Size: 50/100 Peed Vol.: 20 cu.cm.
Feed Injection At: Sample 29 Eluant: Deionized Water
Feed N-Sugars: 18.2716 vrt.fo Feed R-Sugars: 19.0747 wt.?£
Avg. Flow Rate: 3*13 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight fo Weight fo Cumulative Weight %Number N-Sugars R-Sugars N-Sugars R-Sugar
45 3.184 _ 3.18446 8.4o4 - 11.588 -
47 13.208 - 24.796 -48 15.945 0.281 40.741 0.281
49 16.113 1.819 5 6 . 8 5 4 2.10050 14.270 4.811 71.124 6.911
51 1 0 .6 5 6 7.995 8I.78O 14.90652 7.813 10.554 89.593 25.460
53 5.197 11.894 94.790 37-35454 2 . 7 6 7 12.458 97-557 49.81255 1 . 2 6 7 13.542 98.824 63.35456 0.487 10.877 99.311 74.23157 0.259 8.893 99.570 83.12458 0.195 6.686 99.765 89.810
I9 0.146 4.733 99.911 94.54360 O.O89 3.246 100.000 9 7 .7 8 9
61 - 2.211 - 100.000
TABLE D-XVTII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 50
Datei 11/23/1980 Packings Dowex 50W-X8, Na+
Bed Heights 111.1 cm. Bed X-Area: 5>04 sq.cm.
Packing Mesh Size: 50/100 ’ Feed Vol.! 60cu.cm.
Feed Injection At: Sample 58 Eluant*. Deionized Water 
Feed N-Sugarss 1 8 .2 7 1 6 wt,f> Feed R-Sugarss 19.0747 wt,$ 
Avg. Flow Rates 3*13 cu. cm./min. sq. cm. Temperatures 80°C
FRACTION
Number Weight fo  N-Sugars
Weight f>  
R-Sugars
Cumulative Weight fo  
N-Sugars ■ R-Sugari
74 1 .6 1 2 1 .6 1 2
3.690 - 5.302
76 6 .3 2 9 - 11.631
77 7 . 7 7 k - 19.4*0578 12.54*5 0 .3 0 2 31.950 0 .3 0 279 1 2 .5 6 8 2.592 44.518 2 . 8 9 480 11.378 5.883 55.896 8.77781 11.154 8.280 6 7 .0 5 0 17.05782 9 . 0 2 5 9.157 7 6 .0 7 5 26.214
83 7 .6 1 2 10.4*82 83.687 3 6 .6 9 684* 5.292 9.789 88.979 46.4854,103 9.905 93.082 56.39086 2 . 8 6 9 9.319 95.951 65.709
87 1.753 8.891 97-704 74.60088 0.855 7-456 98.559 82.056
89 0.4*73 6.175 99.032 88.23190 0.274* 4*. 24*6 99.306 92.477
91 0.200 2.919 99.506 95.39692 0 .1 5 8 1 .9 0 6 99.664 97.302
93 0 .1 3 1 1.280 99.795 98.592
94. 0 .1 1 7 0.872 99.912 99.454




ION EXCLUSION TRIAL - 53
Dates 12/10/1980 
Bed Heights 113*0 cm. 
Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 5 
Feed N-Sugarss 1 8 .2 7 1 6 wt.$
Packings Ionac CF-4, Na 
Bed X-Areas 5-04 sq. cm. 
Feed Vol.: 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugars: 19,0747 wt .fo
Avg, Flow Rates 1.808 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight % Weight % Cumulative Weight %
















8 . 1 2 7  




1 2 .7 6 1  
3.789 0.8 55 
0.311









2 .3 7 81.457
0 .8 9 1
0.465





6 5 .8 0 5
81.95394.714
9 8 .5 0 3
99.35899.669
99.874
1 0 0 .0 0 0
0 .1 3 9
0 .4 9 1
1 .2 9













WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 5^ 
(Duplicate Trial - 53)
Date: 12/12/1980 
Bed Height: 110.0 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 29 
Feed N-Sugars: 18.2716 wt.$
Packing: Ionac CF-4, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 19*0747 wt.$
Avg. Flow Rate: 1.84 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight % Weight % Cumulative Weight $
Number N-Sugars R-Sugars N-Sugars R-Sugars
43 0.410 - 0.41044 2 . 1 0 2 - 2 .5 1 2
45 5.163 - 7*67546 7.952 - 15.627
47 10.315 - 25.942
48 12.054 - 37.996
49 1 4 . 8 8 0 - 5 2 .8 7 6
50 15.416 0 . 2 1 6 6 8 .2 9 2 0 .2 1 6
51 16*377 0.539 84.669 0.755
52 1 1 . 1 6 0 2 . 1 9 8 95*829 2.953
53 3.113 5.004 9 8 .9^2 7*957
54 0 .6 3 2 7 . 2 3 6 99.57^ 15.193
55 0 . 2 5 9 9*^58 99.833 2 4 .6 5 1
56 0 . 1 6 7 11.845 1 0 0 .0 0 0 3 6 .4 9 6
57 - 11.246 - 4 7.7^2
58 - 12.633 - 60.37559 - 11.524 - 71.899
60 - 9 . 7 2 0 - 8 1 .6 1 961 -  7.202 -  88.821
62 -  5.236 -  9^.057




ION EXCLUSION TRIAL - 55
Date: 12/16/1980 
Bed Height: 107-3 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 62 
Feed N-Sugars: 1 8 .2 7 1 6 wt.$
Packing: Ionac CF-4, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars1 19. 0 7 4 7 wt.$
Avg, Flow Rate: 1.84 cu.cm./min .sq.cm. Temperature: 50°C
FRACTION






2 5 .4 5 6 0.053
0 .2 9 0 -
76 0.972 -
77 1.832 -78 2.727 -
79 3.328 -80 4.649 -
81 5.452 -82 6 . 2 0 6 0.05383 7 .0 5 6 0 .1 7 784 8.354 0 .3 2 2
85 8.785 0 .9 0 686 9.315 1.447
87 9.793 2 .2 5 088 9 . 6 0 5 3.707
89 9 . 0 1 8 6 .2 4 5
90 6.338 9.536
91 3.307 11.17492 1.489 11.417
93 0 .6 0 3 11.22694 O . 279 10.082
95 0 . 1 7 0 8.74596 0.112 7.13997 0 . 0 9 0 5.52498 0.059 3.982
99 0.044 2.480100 0.040 1.649




4 9 .6 5 1 1.458
5 8 .9 6 6 2 . 9 0 5
68.75? 5.15578.364 8.862
8 7 .3 8 2 15.107
93.720 24.643
97.027 35-817
9 8 .5 1 6 47.234
99.119 58.46099.398 68.542









ION EXCLUSION TRIAL - 56
Date: 12/l6/l980 
Bed Height: 109.2 cm.
Packing Mesh Size: 20/50 Feed Injection At: Sample 112 
Feed N-Sugars: 18.2716 wt
Packing: Ionac CF-4, Na 
Bed X-Area: 5-04 sq.cm.
Feed Vol.: 20 cu.cm.Eluant: Deionized Water 
Feed R-Sugars1 19.0747 wt.%
Avg. Flow Rate: 1.84 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight f> Weight fo Cumulative Weight %Number N-Sugars R-Sugars N-Sugars R-Sugars
127 0.655 - 0.655128 2.287 - 2.942
129 4 . 2 6 8 - 7 .2 1 0
130 6.087 - 13.297
131 7.989 - 21.286
132 9.787 - 31.073133 11.037 0.128 42.110 0 .1 2 8134 12.440 0.233 54.550 0 .3 6 1
135 12.539 0.335 67.089 O .696136 1 3 .2 3 0 0 .8 5 8 80.319 1.554
137 11.835 1.019 92.154 2.573138 5.644 2 .3 5 3 9 7 . 7 9 8 4 . 9 2 6
139 ' 1 . 1 6 0 4 . 9 8 2 9 8 . 9 5 8 9 .9 0 8
140 0.385 7 . 0 9 4 9 9 . 3 4 3 1 7 .0 0 2
141 0 . 2 2 5 8.915 9 9 . 5 6 8 2 5 .9 1 7142 0.148 10.552 9 9 .7 1 6 36.469
143 0 .1 1 9 12.462 9 9 . 8 5 3 48.931144 0 .0 9 6 12 .126 9 9 .9 3 1 6 1 .0 5 7
145 0 .0 6 9 1 0 .9 9 0 1 0 0 .0 0 0 7 2 .0 4 7
146 - 9 .5 0 3 - 8 1 .5 5 0
14? - 7.099 - 88.649148 - 4.811 _ 93.460
1^9 - 2.997 - 96.457
150 - 1 .8 4 8 _ 9 8 . 3 0 5
151 - 0.979 - 99.284152 - 0.570 - 99.854
153 - 0.146 _ 100.000
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TABLE D-XXIII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 57
Dates 12/16/80
Bed Heights 106.6 cm.
Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 134 
Feed R-Sugarss 18.2 7 1 6 wt.?£
Packings Ionac CF-4, Na 
Bed X-Areas 5.04 sq.cm.
Feed Vol.s 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 19*0747 wt.#
Avg. Flow Rates 1.84 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Number N-Sugars R-Sugars
148 0 .1 0 5 —
149 0.475 -
150 1.079 -
151 1.822 -152 2.714 -
153 3.550 -154 4.253 -
155 5.510 -156 6.773 0 .4 9 6
157 * 7.689 1.090158 8 .2 0 6 1.846
159 9.069 2.764
160 9.835 3.628
161 9.713 4 . 7 8 2
162 8 .6 3 2 4.433









171 0.093 7.111172 0.077 5.092173 0.057 3.287174 0.045 1.939
175 0.046 1.154









79.425 1 9 .0 3 9
8 6 .9 9 4 2 3 .7 1 393.276 2 8 .9 6 796.848 34.59798.544 42.392
99.079 51.44699.33699.498 61.00571.053
9 9 .6 6 2 80.544
99.719 81.65599.796 92.747




ION EXCLUSION TRIAL - 58
Dates 12/16/1980 Packing: Ionac CF-4, Na
Bed Heights 109.8 cm. Bed X-Area: 5*04 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 2 Eluant: Deionized Water
Feed R-Sugars: 18. 2 7 1 6 wt.?S Feed R-Sugars: 19.0?47 wt
Avg. Flow Rate: 3*05 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight % Weight % Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
18 0.333 - 0.33319 1 .6 8 5 - 2 . 0 1 8
20 3.913 - 5.931
21 6.645 - 1 2 .5 7 6
22 8.339 - 20.91523 9.848 - 30.759
24 1 1 .1 1 1 - 4 1 .8 7 0
25 11.284 - 53.15426 11.462 0.110 64.616 0.110
27 1 2 .2 3 0 0.319 76.846 0.42928 11.474 0 .6 3 3 8 8 . 3 2 0 1 .0 6 2
29 7.309 3.116 95.629 4.178
30 2 . 6 7 0 5.545 9 8 .2 9 9 9.723
31 0.847 7.451 99*146 17.17432 0 .4 0 8 9.059 9 9 . 5 5 4 2 6 .2 3 3
33 0 .1 8 8 9.753 99-742 3 5 .9 8 6
34 0.114 10.305 9 9 .8 5 6 46.291
35 0 . 0 9 4 1 0 .4 7 8 9 9 .9 5 0 5 6 .7 6 9
36 0 . 0 5 0 8 . 9 5 8 1 0 0 .0 0 0 6 5 .7 2 7
37 - 8 . 0 2 6 _ 73*753
38 - 6.697 - 80.450
39 - 5.631 - 86.08140 - 4.874 _ 9 0 . 9 5 5
41 - 3.359 - 94.31442 - 2'. 667 - 9 6 .9 8I
43 - 1 . 7 0 6 _ 9 8 . 6 8 7




ION EXCLUSION TRIAL - 59
Dates 12/16/1980 Packing: Ionac CF-4, Na
Bed Height*. 107.3 cm. Bed X-Area: 5*04 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 60 cu.cm.
Feed Injection Ati Sample 35 Eluants Deionized Water
Feed -Sugars: 18.2716 wt ,f> Feed R-Sugars! 19.0747 wt.?S
Avg. Flow Rates 3*05 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight % Weight fo
Number N-Sugars R-Sugars
50 0.118
51 0.501 -52 1 . 034 -
53 1.950 -54 2 . 798 -
55 3.423 -56 3.704 -
57 4.504 -58 5.396 -5.968 0 .0 2 9
60 7.104 0 .1 0 5
61 8 .5 8 2 0.563
62 8.405 1.06963 8.548 2 .0 0 864 8.564 3.407
6J 7.482 4.887
6 6 6.679 7-136
6 7 5.173 8 . 0 7 0
6 8 3.984 9 . 0 6 0
69 2.657 8 . 8 3 0
7 0 1.564 8.509
7 1 0.784 8.445
7 2 0.408 8 . 0 2 0
73 0.240 6,82074 0.153 5.845
75 0.105 4.81976 0 .0 8 0 3.657
7 7 0.053 2.75878 0.039 2.149
79 - 3.814






13.528 . . —
1 8 .0 3 2 -
23.428 -
29.396 0 .0 2 936.500 0.134
45.082 0.69753.487 I .7 6 6
62.035 3.774
70.599 7 .1 8 1
7 8 .0 8 1 1 2 .0 6 8
8 4 . 7 6 0 19.204
89-933 27.274
93.917 36.33496.514 45.164
98.138 5 3 - 6 7 398.922 6 2 .1 1 8
99.330 7 0 .1 3 8
99.570 76.958
99.723 82.80399.828 87.622





ION EXCLUSION TRIAL - 60
Date* 12/16/1980 
Bed Height: 109-2 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 92 
Feed N-Sugars* 1 8 .2 7 1 6 vtt.fo
Packing: Ionac CF-4, Na+
Bed X-Area: 5-04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 1 9 .0 7 4 7 wt.?2
Avg. Flow Rate: 3*03 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight % Weight % Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
106 0 .6 2 7 0 .6 2 7
107 2.236 - 2 . 8 6 3
108 4.441 - 7.304
109 6.548 - 13.852110 8 . 9 2 7 - 2 2 .7 7 9111 10 .0 6 1 — 32.840112 11.454 - 4^.294
113 11.551 - 55.845114 13.364 - 6 9 .2 0 9
U 5 13.994 0 . 1 3 0 8 3 .2 0 3116 11.264 1.518 94.467
117 3.772 3.817 98.239118 0 .8 9 9 6.504 99.138
119 0.358 9.113 99.496120 0.188 11.365 99.684121 0 . 1 1 1 13.107 99.795122 0.102 1 2 .9 2 3 99.897
123 11.445 99.956124 9.723 100.000
125 - 7 . 6 8 9 -126 - 5.473 -127 - 3.579 -128 - 2.265 -








8 7 . 3 3 4
92.807
9 6 .3 8 6
98.651




ION EXCLUSION TRIAL - 6.1
Date: 12/16/1980 
Bed Height: 107.9 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 122 
Feed N-Sugars: 18.2716 wt.f 
Avg. Flow Rate: 3.03 cu.cm./min.
Packing: Ionac CF-4, Na 
Bed X-Area: 5-04 sq.cm.
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 19*0747 wt,f> 
sq. cm. Temperature: 80°C
FRACTION
Weight fo Weight f> Cumulative Weight f>Number N-Sugars R-Sugars N-Sugars R-Sugars
136 0 .6 1 3 0.613 -
137 1 .3 8 1 - 1.994 -138 2.243 - 4.237 -
139 3.031 - 7 .2 6 8 -140 3.649 - , 10.917 -141 4.451 - 15.368 -
142 5.526 — 20.894 -
143 6 .0 5 2 26.946 -144 7.070 0.046 34.016 0.046
145 8 .8 6 9 0 .2 3 3 42.885 0 .2 7 9146 IO .369 1.356 53.254 1 .6 3 5147 11.140 2.645 64.394 4.280148 10.618 3.841 75*012 8.121
149 9.792 5-345 84.804 13.466150 7.424 8 . 6 9 7 92.228 22.163151 4.172 10.943 96.400 3 3 .1 0 6152 1.971 1 2 .7 6 9 98.372 45.875
ilS 0.719
1 2 .6 5 9 99.091 58.5340.292 II.I67 99.383 69.701155 0 .1 7 7 9 .6 7 2 99.560 79.373156 0 .1 0 5 7.102 . 99.665 8 6 .4 7 5
157 0.090 4,977 99-755 91.452158 0.059 3.460 99*814 94.912
159 0.054 2 .1 0 7 99.868 97.019160 0.040 1.419 99.908 98.438161 0.030 0.822 99.938 99.260162 0 . 0 3 0 0.474 99.968 99.743163 0.030 0.266 1 0 0 .0 0 0 100.000
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TABLE D-XXVIXI
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 62
Date: 1/22/1981 
Bed Height: 110.5 cm. 
Packing Mesh Size: 20/50 
Feed Injection At: Sample 2 
Feed N-Sugars: 1 5 .1 6 9 1 wt.%
Packing: Dowex 50W-X8, Na+ 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 









14 4. 042 0 .3 6 6 4. 042 0 .3 6 6
15 12.875 2 . 026 16.917 2 .3 9 2
16 18.497 4.189 35.414 6 .5 8 117 19.276 5.772 54.690 1 2 .3 5 318 18.325 8.049 73.015 20.40219 12 .7 6 1 7.961 85.776 28.36320 7.396 7.512 93.172 35.87521 4.062 7.924 97.234 43.77922 1,809 8 .7 0 8 99.043 52.50723 0.556 9.184 99.599 61.69124 0.243 8 . 1 5 2 99.842 69.843
0.085 6.839 99.927 76.68226 0 .0 6 1 * 5 .6 0 5 99.988 82.347
27 0.012 4.432 100.000 86.77928 - 3.582 - 9 0 .3 6 1
29 - 2 . 8 6 0 - 93.221
30 - 2.225 7 95.44631 - l.?l4 97.36032 - 1.462 - 98.822




ION EXCLUSION TRIAL - 63 (Duplicate Trial - 62)
Date* 1/22/1981 Packings Dowex 50W-X8, Na+
Bed Height* 110,5 cm. Bed X-Area: 5-05 sq.cm.Packing Mesh Sizes 20/50 Feed Vol.* 20 cu.cm.
Feed Injection At: Sample 29 Eluants Deionized Water
Feed N-Sugarss 15.1691 wt.% Feed R-Sugars: 21,7881 wt.$
Avg. Flow Rates 1.80 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight % Weight % Cumulative Weight
Number N-Sugars R-Sugars N-Sugars R-Sugars
40 0.673 0 .290 O .673 0.29041 7.534 0.988 8.207 1.27842 15 .808 3.065 24.015 4.34343 20.309 5.243 44.324 9.58644 2 0 .5 6 7 7-304 64 .891 16 .89045 15.313 7 .528 80.204 24.41846 9.963 7.736 9 0 .1 6 7 32.154
47 5 .4 7 0 7 .67 0 95.637 39-82448 2 .766 8 .698 98.403 48 .52249 0.966 10 .108 99.369 58 .630
50 0.357 8 .9 6 7 99 .7 26 67.59751 O.I67 7 .8 6 5 99.893 75.46152 0.067 6.258 99.960 81.71953 o.o4o 4 .9 1 6 100 .000 86 .635
54 - 3 .8 8 5 - 90 .52055 - 3.195 - 93 .715
56 - 2 .6 7 5 - 96 .39057 - 2.014 - 98.404





ION EXCLUSION TRIAL - 64
Date: 1/22/1981 
Bed Height: 110.5 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 64 
Feed N-Sugars: 1 5 .1 6 9 1 wt,f>
Packing: Dowex 50W-X8, Na 
Bed X-Area: 5*04 sq.cm.. 
Feed Vol.: 60 cu.cra,
Eluant: Deionized Water 
Feed R-Sugars: 2 1 .7 8 8 1 wt ,f>









76 0.934 0.044 0.93^
77 3.700 0.425 4.63478 6.724 1.067 11.358
79 8.592 I .6 7 0 19.950
80 10.109 2.391 30.05981 11.118 3.329 41.17782 11.847 4 .6 7 6 53.024
83 11.713 5.708 64.73784 11.7^4 6.948 76.481
85 10.414 8.467 86.89586 6.265 9.393 9 3 . 1 6 0
87 3.492 9.467 96.65288 1.705 8.423 98.357
89 0.737 7.932 99.09490 0.336 6.338 99.^30
91 O. 2 1 7 5.184 99.64792 0.140 4.074 99.787
93 0. 087 3 .2 0 8 99.87^
94 0 .0 5 0 2.491 99.924
95 0.043 2.074 99.96796 0.016 1.640 99.983
97 0.017 1.302 100.00098 1.044 —
99 - 0 .8 2 7 —100 - 0.641 —
101 - 0.513 —102 - 0.402 —





3 . 2 0 6  





6 2 .0 0 8
6 9 .9^0












ION EXCLUSION TRIAL - 65
Dates 1/2V1981 
Bed Height: 111. 7 cm:. Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 2 
Feed N-Sugars: 1 5 .1 6 9 1 wt.$
Packings Dowex 50W-X8, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 21.7881 wt.fo
Avg. Flow Rates 1.85 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Weight % Weight f> Cumulative Weight 1
Number N-Sugars R-Sugars N-Sugars R-Sugars
15 2.289 0. 082 2.289 0.082
16 9.076 0.834 11.365 0.916
17 14.777 2.246 26.142 3.162
18 18.374 3.808 44.516 6.970
19 16.349 4.836 6 0 .8 6 5 11.80620 13.659 6 . 2 6 9 74.524 18.07521 9 . 064 6.474 83.588 24.54922 6.222 7.090 8 9 .8 IO 31.639
23 4.174 7.259 93.984 38.89824 2.947 7.016 96.931 45.914
1.973 7.403 98.904 53.31726 0.776 7.529 9 9 . 6 8 0 61.045
27 0.220 7.925 99.900 68.97328 0.062 7.337 99.962 76.310
29 0.038 6.330 100.000 ■ 82.64030 - 5.100 - 87.740
31 - 3.986 — 91.72632 - 3.026 - 9^.752
33 - 2 .2 9 2 - 97*044
3^ - I .6 9 8 - 98.742
35 - 1.258 - 100.000
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TABLE D-XXXII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 66
Date i 1/2V1981 
Bed Height: 111.? cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 30 
Feed N-Sugars: 15.1691 wt.$
Packing: Dowex 50W-X8, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.?£
Avg. Flow Rate: 1.85 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight f> Weight fo Cumulative Weigh fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
41 1.193 0 .1 1 1 1.193 0 .11142 4.293 0.403 5.468 0.514
43 6 . 5 3 6 0.979 1 2 .0 2 2 1.493
44 7.904 1.458 1 9 .9 2 6 2 .9 5 1
45 8.941 2 . 3 4 7 28.867 5.29846 1 0 .3 2 1 3.445 39.188 8.743
47 9.934 4.042 49.131 12.785
48 9.089 4.312 58.220 17.09749 8.664 5 .2 2 3 66.884 2 2 .3 2 0
50 8.261 6.156 75.145 28.476
51 7-240 7.194 82.385 35.670
52 5.529 7.309 87.914 42.97953 4.414 7 -5 8 0 9 2 .3 2 8 50.559
54 3 . 1 8 0 7 .3 9 2 9 5 .5 0 8 57.951
55 2.241 7 . 2 6 5 97.749 6 5 .2 1 6
56 1 .2 6 9 6 . 7 3 6 9 9 .0 1 8 71.95257 0 .6 0 2 6 .2 3 1 9 9 . 6 2 0 7 8 .1 8 3
58 0 . 2 0 0 5 . 2 8 7 9 9 .8 2 0 83.470
59 0.091 4.399 99.911 8 7 .8 6 9
60 0.049 3.275 9 9 . 6 6 0 91.144
61 0.024 2 . 5 8 6 99.984 9 3 .7 3 0
62 0 .0 1 6 1 . 8 9 7 1 0 0 .0 0 0 9 5 .6 2 7
63 - 1.455 - 9 7 .0 8 264 - 1 .0 2 5 - 98.106
65 - 0.753 - 98.85966 - 0 .5 2 0 - 99.379




ION EXCLUSION TRIAL - 67 
(Duplicate Trial - 6 6)
Datei 1/24/1981 Packings Dowex 50W-X8, Na+
Bed Height! 111.7 cm. Bed X-Areas 5-04 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.! 60 cu.cm.
Feed Injection At! Sample 71 Eluant! Deionized Water
Feed N-Sugars: 15.1691 wt .fo Feed R-Sugars i 21.7881 wt.$
Avg. Flow Rate: 1.85 cu.cm./min.sq.cm. Temperature! 80°C
FRACTION
Weight f> Weight % Cumulative Weight |
Number N-Sugars R-Sugars N-Sugars R-Suga:
81 0.039 - 0.039 —82 1 .8 2 9 0 .121 1 .8 6 8 0 .1 2 1
83 4.971 0.517 6.839 0 .6 3 884 6.820 1 .0 2 3 13.659 1 .6 6 1
85 7.053 1.384 2 0 .7 1 2 3.045
86 9-439 2.445 30.151 5.490
87 10.409 3.587 40,560 9.07783 10.205 4.335 50.765 13.41289 9.436 4.874 6 0 .2 0 1 18.28690 9.265 5.761 69*466 24.047
91 8.093 6.705 77.559 30.75292 6.387 6.9157.441
8 3.946 37.667
93 5.190 89.136 45.10894 4.055 7.598 93.191 52.706
2 .9 1 8 7.414 9 6 .1 0 9 6 0 .1 2 0
96 1.993 7 .1 8 1 9 8 .1 0 2 67.301
97 1 .0 8 8
5 :IU 99.190 74.08698 0.449 99.639 . 8 0 .0 5 0
99 0.149 4.992 99.788 85.042
100 0 .0 9 0 4.135 99.878 89.195
101 0.054 3 .0 8 9 99.932 92.284
102 0 .0 3 2 2 .2 0 8 99.964 94.492
103 0.015 1 .7 8 0 99.979 9 6 .2 7 2104 0.014 1.248 99-933 97.530105 0.007 0.936 1 0 0 .0 0 0 98.466
106 - 0.717 - 99.183107 - 0.483 - 9 9 .6 6 6
108 - 0.334 - 1 0 0 .0 0 0
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TABLE D-XXXIV
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 68
Dates 1/28/1981 Packings Dowex 50W-X8, Na+
Bed Heights 111,7 cm. Bed X-Areas 5.04 sq.cm.
Packing Mesh Sizes 20/50 Feed Vol.s 20 cu.cm.
Feed Injection Ats Sample 2 Eluants Deionized Water
Feed N-Sugars: 15.1691 wt.$ Feed R-Sugars: 21.7881 vrt.f







Cumulative Weight fo 
N-Sugars R-Sugars
15 2 . 9 2 7 0.103 2 . 9 2 7 0.103
16 8.596 0.930 11.523 1.03317 15.307 2.363 2 6 .8 3 0 3.398
18 19.592 4.790 46.422 8 . 1 8 8
19 2 3 .1 8 6 7.732 6 9 .6 0 8 15.918
20 20.924 11.143 90.532 2 7 .0 6 1
21 6 .8 6 9 14.650 97.4-01 41.711
22 1.428 13.663 9 8 . 8 2 9 55.37^23 0.603 10.468 • 99.^32 65.84224 0.304 7 . 8 6 0 99.736 73•702
■ 0 .1 6 2 6 .0 9 8 99.898 7 9 .8 0 026 0 .1 0 2 4.764 1 0 0 .0 0 0 84.564
27 - 4.093 — 8 8 .6 5 728 - 3.146 — 91.80329 - 2.532 - 9^.33530 - 2 . 1 8 2 - 96.51731 - 1.853 - 98.37032 - I .6 3 0 ** I 1 0 0 .0 0 0
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TABLE D-XXXV
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 69 
( Duplicate Trial - 6 8 )
Dates 1/28/1981 
Bed Heights 110.5 cm.Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 29 
Feed N-Sugarss 15 .1 6 9 1 wt.#
Packings Dowex 50W-X8, Na+ 
Bed X-Area: 5*04 sq.cm. 
Feed Vol.: 20 cu.cm. 
Eluants Deionized Water 













Weight # Weight # Cumulative Weight %N-Sugars R-Sugars N-Sugars R-Sugars
2 .2 6 3 0.416 2.263 0.4167.460 0 .9 8 0 9.723 1.39613.072 2.114 22.795 3.51020.344 4.397 43.139 7.90722.487 6.598 6 5 .6 2 6 14.50921.843 9.700 87.469 24.205
9 .2 1 2 14.242 9 6 .6 8 1 38.447
1.873 14.038 98.554 52.4850.764 10.981 99.318 63.4660.354 7.707 99.672 71.173
0 .1 8 2 6 .1 6 2 99.854 77.335
0 .1 0 5 4.908 99.959 82.2430.041 3-837 1 0 0 .0 0 0 8 6 . 0 8 0
- 3 . 2 2 0 — 8 9 . 3 0 0
- 2.649 - 91.9^9
- 2 ,2 6 1 - 94.210
- 1.921 ~ 96.131
- 1.5k8 - 97.679
- 1.244 - 98.923




ION EXCLUSION TRIAL - ?0
Dates 1/28/1981 Packings Dowex 50W-X8, Na+
Bed Heights 109.8 cm. Bed X-Areas 5*04 sq.cm.
Packing Mesh Sizes 20/50 Feed Vol.: 60 cu.cm.
Feed Injection Ats Sample 62 Eluants Deionized Water
Feed N-Sugarss 15*1691 wt.?S Feed R-Sugars: 2 1 .7 8 8 1 vrt,f>
Avg. Flow Rate: 3*12 cu.cm,/min.sq.cm. Temperatures 50°C
FRACTION
Weight % Weight fo Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
74 0 . 0 2 7 0.017 0 .0 2 7 0 .01?
75 0.097 0 .0 9 6 0.124 0.11376 3 . 2 2 2 0.358 3.346 0.466
77 5*716 0 . 7 2 0 9 . 0 6 2 1.18678 7*526 1.233 1 6 .5 8 8 2.419
79 9.704 1.970 2 6 ,2 9 2 4.389
80 12 .7 6 1 3.236 39-053 7 .6 2 5
81 17.551 6.524 56.604 14.14982 20.772 12.045 77.376 26.194
83 14.414 14.402 91.790 40.59684 5.088 14.448 9 6 .8 7 8 55.044
85 1 .2 9 0 10.165 9 8 .1 6 8 6 5 .2 0 9
86 0 .6 1 1 7.165 98.779 72.374
87 0.377 5.400 99.156 77.774
88 0.254 4.160 99.412 81.934
89 O.I69 3.392 99.579 8 5 .3 2 690 0 .1 2 1 2.707 99.700 88.033
91 0 .1 0 0 2.337 99.800 90.37092 0 .0 6 1 1 .8 7 2 9 9 .8 6 1 92.242
93 O.O67 1.505 99.928 93.747
94 0.034 1.309 99.962 95.056
9 2 0.024 1.057 99.986 96.11396 0.014 0.959 1 0 0 .0 0 0 97.072
97 - 0.793 — 97.86598 - 0 .6 3 8 - 98.50399 - 0.590 - 99.093
100 - 0.493 - 99.586
101 - 0.414 — 1 0 0 .0 0 0
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TABLE D-XXXVII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - ?1
Date» I/28/1 98I Packing: Dowex 50W-X8, Na
Bed Height: 111. 7 cm. Bed X-Areai 5*04' sq.cm.
Packing Mesh Sizes 20/50 Feed Vol.: 20 cu.cm.
Feed Injection Att Sample 2 Eluants Deionized Water
Feed N-Sugars: 15*1691 wt.$ Feed R-Sugarss 21,7881 wt,f>
Avg. Flow Rates 3*10 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Weight f> Weight % Cumulative Weight f>Number N-Sugars R-Sugars N-Sugars R-Sugars
12 2 . 0 2 2 0.064 2 .0 2 2
13 9.620 0.755 11.64114 1 6 .1 8 2 1.750 27.842
15 21.731 3*531 49.555
16 2 3 .2 7 1 5.587 7 2 .8 2 6
17 1 6 .7 1 8 7-574 8 9 .544
18 7-850 1 2 .3 2 5 97.394
19 1.727 15.256 99.121
20 0.577 13.313 99.689
21 0.214 10.874 99.912
22 0 . 0 8 8 8.342 1 0 0 .0 0 0
23 - 6.440 -24 - 4.718 -
25 - 3.450 -












9 6 .6 1 8
98.633
1 0 0 .0 0 0
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TABLE D-XXXVIII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 72
Dates 1/28/1981 
Bed Heights 111.1 cm.
Packing Mesh Sizes 20/50 
Peed Injection Ats Sample 29 
Feed N-Sugarss 15.1691 wt.#
Packings Dowex 5OW-X8 , Na 
Bed X-Areas 5*04 sq.cm.
Feed Vol.s 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 21.7881 wt.#




















Weight # Weight # Cumulative Weight :N-Sugars R-Sugars N-Sugars R-Sugars
o.bbb 0.007 0.444 0 .0 0 7
3.633 0 .2 9 2 4.077 O .299
6.353 0.677 10.430 0.976
9.719 1.405 20.149 2.381
1 1 .6 8 8 2.303 31.837 4.684
12.515 3.408 44.252 8 .0 9 2
1 2 .3 1 2 4.585 56.564 12.67712.544 6.464 6 9 .1 0 8 19.141
1 1 .1 1 2 7-518 8 0 .2 2 0 26.6599.803 9.605 90.023 36.264
6 . 1 0 7 11.948 96.130 48.212
2 .0 3 2 1 3 .1 6 8 9 8 .1 6 2 6 1 . 3 8 0
0 .7 8 6 10.435 98.948 71.8150.420 7 .6 1 0 99.368 79.4250.246 5.363 99.614 84.788
0 .1 5 8 4.204 99.772 88.992
0 .1 1 2 3 .1 0 2 99-884 92.0950.070 2.466 99.95b 94.5600.046 1 . 6 8 7 1 0 0 .0 0 0 96.247
- 1.245 — 97.^92
- 0.963 - 98.455
- 0.653 — 9 9 .1 0 8
- 0.504 - 99.612
- 0 .3 8 8 - 1 0 0 .0 0 0
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TABLE D-XXXIX
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 73 
(Duplicate trial - 72)
Date: 1/28/1981 
Bed Height: 111,1 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 63 
Feed N-Sugars: 15.1691 wt .fo
Packing: Dowex 5OW-X8, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21,7881 wt ,f>
Avg. Flow Rate: 3-10 cu,cm./min,sq,cm. Temperature: 80°C
FRACTION
Weight fo Weight f Cumulative Weight fo
Numher N-Sugars R-Sugars N-Sugars R-Sugars
73 0 .0 3 8 - 0 .0 3 8 -74 1.464 0 .0 3 0 1 .5 0 2 0 .0 3 0
7| 3.721 0 .2 7 2 5-233 0 .3 0 276 6 . 1 5 0 0.594 11.373 0 .8 9 6
77 8.975 1.137 20.348 2 .0 3 878 11.480 2 . 1 0 0 3 1 .8 2 8 4.13379 13.531 3-999 45.359 8.132
80 13.462 5.179 5 8 .8 2 1 13.311
81 12.664 6.609 71.485 19.92082 11.633 8 . 6 6 3 8 3 .1 1 8 28.58383 9.308 10.357 92.426 38.94084 4.626 1 2 .7 7 2 97.052 51.712
85 1.407 11.905 98.459 6 3 .6 1 7
86 O .650 9 .6 6 2 99.109 73.27987 0 .3 6 1 7.139 99.^70 80.418
88 0 .2 1 2 5 .2 0 0 99.682 8 5 .6 1 8
89 0.137 3.893 99.819 89.51190 0.083 2.897 99.902 92,40891 0 .0 6 1 1.114 99.963 94.52292 0.037 1 .6 1 2 1 0 0 .0 0 0 96.13493 - 1.192 - 97.32694 - 0.893 — 9 8 .2 1 9
- 0 .6 2 6 — 98.845
96 - 0 .5 0 8 - 99.353




ION EXCLUSION TRIAL - 77
Dates 3/8/1981 
Bed Heights 2 7 . 6 cm.
Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 32 
Feed N-Sugarss 1 5 .1 6 9 1 wt.$
Packings Dowex 50W-X8, Na 
Bed X-Areas 20,27 sq.cm. 
Feed Vol.s 20 cu.cm. 
Eluants Deionized Water 
Feed R-Sugarss 21.7881 wt






































































ION EXCLUSION TRIAL - 78
Date* 3/8/1981 Bed Height* 2 7 . 6 cm.
Packing Mesh Sizes 50/100 
Feed Injection At: Sample 63 
Feed N-Sugars! 15.1691 wt.#
Packings Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.#
Avg. Flow Rate: 1,815 cu.cm./min.sq.cm. Temperature 50 C
FRACTION
Weight % Weight fa Cumulative Weight fa
Number N-Suears R-Sugars N-Sugars R-Sugar
75 0 .5 0 0 0 . 5 0 0 -76 2.432 - 2.932 -
77 6.346 0 .1 2 1 9.278 0 .1 2 178 10.374 0.776 19.652 0.897
79 13.722 2 , 6 8 7 33.374 3.584
80 13.144 3-714 46.518 7 .2 9 8
81 10.828 6.234 57-346 13.53282 8.377 7.244 65.723 20.774
83 7.906 8,407 73.629 2 9 .1 8 184 6.482 7.537 8 0 .1 1 1 3 6 .7 1 885 5-943 7.963 86.054 44.681
86 4 .9 7 6 8 .2 3 2 91.030 52.913
87 3.675 7.839 94.705 60.752
88 2 .9 0 7 8 . 8 2 5 97.612 69.577
89 1.34-9 7.399 98.961 76.97690 0.561 6 .1 6 9 99.522 83.145
91 0 .2 1 0 4.517 99.732 8 7 .6 6 292 0.115 3.176 99.847 90.838
93 0.073 2.364 99.920 9 3 .2 0 2
94 0.044 I .250 99-964 95.052
95 0 .0 3 6 1.444 1 0 0 .0 0 0 9 6 .4 9 696 - 1.079 — 97.575
97 - 0 .8 6 3 - 98.43898 - 0 .6 6 1 - 99.099
99 - 0 .4 9 9 - 99.598




ION EXCLUSION TRIAL - 79
Date: 3/9/1981 Packing: Dowex 50W-X8, Na
Bed Height: 27*3 cm. Bed X-Area: 20.27 sq.cm.
Packing Mesh Size: 50/100 Peed Vol. 20 cu.cm.
Feed Injection At: Sample 4 Eluant: Deionized Water
Feed N-Sugars: 15.1691 wt.?S Feed R-Sugars: 21.7881 wt,f>
Avg. Flow Rate: 1.8150 cu.cm./min.sq.cm. Temperature: 80°C
_____________ FRACTION___________________________
Weight % Weight f<> Cumulative Weight %
Number N-Suears R-Sugars N-Sugars R-Susa:
12 0.442 0.442
13 3.591 - 4.033 -14 14.774 0.111 18.807 0 .1 1 1
15 20.997 0.529 39*804 o.64o
16 2 1 .2 7 2 3.854 6 1 .0 7 6 4.494
17 1 8 .1 5 8 7.726 79.234 1 2 .2 2 0
18 14.772 9 . 6 1 2 94.006 2 1 .8 3 2
19 4.264 15.475 9 8 .2 7 0 37.307
20 1 .1 6 5 1 8 .2 2 7 99.435 55.534
21 0.375 13.179 9 9 . 8 1 0 68.713
22 0 .1 2 3 9.336 99-933 7 8 .0 4 9
23 0 .0 6 7 6.991 1 0 0 .0 0 0 85.o4o24 - 5.274 — 90.314
25 - 3.607 — 93.921
26 - 2 . 7 8 1 - 9 6 .7 0 2




ION EXCLUSION TRIAL - 80
Date: 3/9/1981 Bed Height: 2 7 . 3 cm.
Packing Mesh Size: 50/100 
Feed Injection At: Sample 30 
Feed N-Sugars: 15.1691 wt.%
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 2 1 .7 8 8 1 wt.?5
Avg. Flow Rate: 1.8150 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight fo Weight f> Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
42 0,810 _ 0.810 -
43 3 . 3 5 9 — 4.169 -
44 7 .5 5 6 0.062 11.725 0 .0 6 245 1 0 .9 8 7 0.731 22.712 0.79346 14.057 1.799 36.769 2 .5 9 247 1 2 .7 7 2 4. 000 49.5^9 6 .5 9 248 12.114 6 . 3 5 4 61.655 12.94649 9 . 6 1 6 7.948 71.271 20.89450 8.135 9 . 7 3 9 79.406 30.633
51 7.051 1 0 .3 5 3 86.457 40.98652 4.859 9 .2 7 3 91.316 50.25953 3.645 9 .9 9 1 94.961 6 0 . 2 5 054 2.483 9 .0 2 6 97-444 6 9 .2 7 6
1.593 8.210 99.037 77.48684.08356 0.303 6.597 99-340
57 0.373 5-184 99.713 89.26758 0.150 3.693 99.863 92.96059 0.071 2.507 99.934 95.467
60 0.04l 1.818 99.975 97.28561 0 . 0 2 5 1 .2 2 3 1 0 0 .0 0 0 9 8 .5 0 862 - 0.868 - 99.376
63 - 0.624 - 100.000
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TABLE D-XLIII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 81 
(Duplicate Trial - 80)
Dates 3/9/1981 
Bed Height: 27.3 cm.
Packing Mesh Size: 50/100 
Peed Injection At: Sample 71 
Peed N-Sugars: 15.1691 wt.%
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 2 1 .7 8 8 1 wtS
Avg. Plow Rate: 1.815 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Number N-Sugars R-Sugars N-Sugars R-Sugar
82 0 .1 1 7 _ 0.117 -
83 1.339 - 1.456 -84 5.467 0 .0 2 2 6.923 0 .0 2 2
85 9 . 6 9 6 0 . 2 3 4 16.619 0.25686 1 2 .7 2 6 1 .1 7 3 29.345 1.429
87 1 1 .6 5 9 3.204 41.004 4.63388 10.104 4.748 51.108 9.381
89 9.665 6 .6 7 8 60.773 16.05990 9.730 8.079 70.503 24.138
91 8.579 9.571 79*082 33.70992 6.985 9.263 86.057 42.972
93 5.214 9.645 91.281 5 2 . 6 1 794 3.304 9.504 94.585 62.121
95 2.260 8.385 96.845 7 0 .5 0 696 1.310 7.387 98.155 77.893
97 0.776 6.009 98.931 83.90298 0.515 4 .661 99.446 8 8 .5 6 3
99 0.311 3.435 99.757 91.999100 0.164 2.757 99.921 94.756101 0 .0 5 6 1.978 99.977 96.734102 0 .0 2 3 1.311 100.000 9 8 .045
103 - 0.911 — 98.956104 - 0 .6 1 1 - 99.567




ION EXCLUSION TRIAL - 82
Date* 3/12/1981 Packing* Dowex 50W-X8, Na
Bed Heights 27.3 cm. Bed X-Area* 20.27 sq.cm.
Packing Mesh Sizes 50/100 Feed Vol.* 20 cu.cm.
Feed Injection At* Sample 1 Eluant* Deionized Water
Feed N-Sugars* 1 5 .1 6 9 1 wt.?S Feed R-Sugars* 2 1 .7 8 8 1 wt.$
Avg. Flow Rates 3-000 cu.cm./min. sq.cm. Temperatures 5°°C
FRACTION





14 I . 616 1 .6 1 6
15 7.150 0.095 8 . 7 6 616 1 2 .6 7 0 1 .2 7 2 21.436
17 15.708 3.561 37-l4418 14,856 6 . 1 7 6 5 2 .0 0 0
19 13.261 8 .657 65.26120 12.155 1 0 . 2 2 5 77.41621 1 0 .2 5 0 10.421 8 7 .6 6 6
22 6.105 11.561 93.771
23 3.626 11.092 97.39724 1.663 9.501 99.060
25 0.594 7.452 99.65426 0.217 5-746 99.871






2 9 .9 8 6
40.40751.968
6 3 .0 6 0






WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 83 
(Duplicate Trial - 82)
Dates 3/12/1981 
Bed Heights 27.3 cm.
Packing Mesh Sizes 5o/lOO 
Feed Injection Ats Sample 38 
Feed N-Sugarss 15.1691 wt.?S
Packings Dowex 50W-X8, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.s 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugars s 21.7881 wt.jS
Avg, Flow Rates 3 .00 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight % Weight % Cumulative Weight %
.mber N-Sugars R-Sugars N-Sugars R-Sugars
51 0.937 0.937 -52 4.463 0.486 5.400 0.486
53 11.245 2 .1 2 2 1 6.645 2 .6 0 854 16.984 5.054 33.629 7 .6 6 2
5$ 16.285 7.726 49.914 15-28856 1 6 .1 1 8 10 .1 0 2 6 6 .0 3 2 25.490
57 14.350 1 0 .8 9 8 8 0 .3 8 2 36.38858 11.297 12.605 91.679 48.393
59 5.804 1 2 .6 7 8 97.483 6 1 .0 7 1
60 1 . 566 9.686 99.049 70.75761 0 .5 2 0 6.923 99.569 77-6.8062 0.258 5.672 99.827 83.352
63 0.173 4.539 100.000 87.89164 - 3.695 — 91.586
- 3.158 - 94.744
66 - 2.579 - 97.323
67 - 2.077 - 99.^00




ION EXCLUSION TRIAL - 84
Dates 3/12/1981 
Bed Height! 2 7 . 3 cm.
Packing Mesh Size: 50/100 
Feed Injection Ati Sample 14-2 
Feed N-Sugars! 1 5 .1 6 9 1 wt.f>
Packing! Dowex 50W-X8, Na+ 
Bed X-Area: 20.2? sq.cm. 
Feed Vol.i 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugarsi 21,7881 wt.?S







155 0.556 —156 2.849 0.039
157 9.449 0.591158 9-545 1.505159 10.787 3.122
160 IO.966 5.528l6 l 9.824 6.527
162 7.932 6 . 067
163 7.24-3 6.883164 6.4-97 7.327165 5.596 7.4-23
166 4-.382 7 .0 8 9
167 3.659 . 6.512
168 3.156 6.3^5
169 2.376 5.615170 2.135 5.821
171 1.280 4-.4-90172 0.716 3.623
173 0.419 2.953
174 0.288 2.4-61
175 0.188 2.077176 0.074- 1 . 6 6 5
177 0.050 1.356178 0.033 1.155179 - 0 .994-180 - 0.904-181 - 0.790182 - 0 .6 1 0




3.4-05 0 .0 3 912.854- 0 .6 3 0
2 2 .3 9 9 2 .1 3 533.186 5 . 2 5 74-4.152 1 0 .7 8 5
53.976 1 7 .3 1 2
6 1 .9 0 8 2 3 .3 7 9
69.151 3 0 .2 6 275.648 3 7 .5 8 981.244 4 5 .0 1 2
85.626 5 2 .1 0 1
89.285 5 8 .6 1 392.441 64.95894.817 70.57396.952 76.394







- 9 8 .0 7 2






ION EXCLUSION TRIAL - 85
Date: 3/13/1981 Packing: Dowex 50W-X8, Na
Bed Height: 27.3 cm. Bed X-Area: 20.27 sq.cm.
Packing Mesh Size: 50/100 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 4 Eluant: Deionized Water
Feed N-Sugars: 15.1691 wt •% Feed R-3ugars*. 21.7881 wt.$
Avg. Flow Rate: 3-00 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
imber N-Sugars R-Sugars N-Sugars R-Sugar
17 2.339 2.33918 7.079 - 9.436 -19 11.552 0.906 20.988 0.90620 2 1 . 6 0 0 3-631 42.588 4.53721 19.487 8 , 0 2 9 62.075 12.56622 14.464 10.658 76.639 23.22423 9.758 9.194 86.397 32.41824 7.095 10.890 93.492 4 3 .3 0 8
25 4.326 11.545 97.813 54.85326 1.440 10.604 99.258 65.457
27 0.430 8.422 99.688 73.87928 0.210 6.532 99.898 80.411
29 0.102 5 .0 6 8 100.000 85.47930 - 4.408 - 8 9 .8 8 7
31 - 3.259 - 93.14632 - 2.734 - 95.880
33 - 2 . 2 3 6 - 98.116
3k - 1.884 - 100.000
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TABLE D-XLVIII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 86 
(Duplicate Trial - 85)
Date* 3/13/1981 Bed Height: 2 7 . 3 cm.
Packing Mesh Size: 50/100 
Feed Injection At: Sample 42 
Feed N-Sugars: 1 5 .1 6 9 1 wt .fo
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.$







Cumulative Weight f> 
N-Sugars R-Sugars
54 O .732 0.732 -
4.276 0.033 5 .0 0 8 0 .0 3 356 9.070 0.175 14.078 0.208
57 18.290 2.267 3 2 .3 6 8 2.47558 19.258 5.157 51.626 7.63259 16.437 9 . 2 1 6 68.063 16.848
60 1 2 .0 2 3 9.995 80.086 26.843
61 9.682 10.738 89.768 37-58148.88562 5.625 11.304 95.393
63 3.103 11.289 9 8 .4 9 6 60.17464 O .869 9-743 99.365 69.917
65 0.380 7.605 99.745 77.52266 0.155 5-754 99.900 8 3 .2 7 66? 0.100 4.755 100.000 88.03168 - 3.802 - 91.833




ION EXCLUSION TRIAL - 8?
Date: 3/13/1981 
Bed Heights 2 7 . 3 cm.Packing Mesh Size: 50/100 
Feed Injection At: Sample 82 
Feed N-Sugars: 1 5 .1 6 9 1 wt,f>
Packing: Dowex 50W-X8, Na+ 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.?5
Avg, Flow Rate: 3*0 cu,cm./min.sq.cm. Temperature: 80 C
FRACTION
Numher




95 0.995 — 0.995 —
96 2.830 0.071 3-825 0.071
97 7.217 0.397 11.042 0.46898 8.752 0.546 19.794 1.014
99 10.781 2 . 2 7 9 30.575 3.293100 12.134 4.456 42 .7 0 9 7.749101 1 0 .5 8 1 6.240 53.240 13.989
102 8.326 6.310 61 .5 6 6 20.299
103 7.957 6.859 69.523 27.158104 6.795 7.362 76.318 34.520105 5-562 7.430 81.880 41.150
106 4.553 7.436 86.433 49-386107 3-758 7.004 90.191 56.390108 3-364 6.837 93.555 6 3 . 2 2 7109 2.802 6 . 6 1 0 96.357 69.837110 2 . 1 2 9 6 . 8 9 6 98.486 76.733111 0.835 5.615 99.321 82.348112 0 .2 6 3 4.079 99-584 86.427
113 0.142 2.959 99.726 89.386114 0.110 2.331 99.836 91.717
115 0.075 1.8 55 1.504 99.911 93.572116 0.046 99.957 9 5 .0 7 6
117 0 .0 4 3 I . 2 2 5 100.000 96.301118 - 0 .9 8 9 - 97.290




ION EXCLUSION TRIAL - 90
Date: *l/l/l98l Packing: Ionac CF-4, NaBed Height: 2 7 . 0  cm. Bed X-Area: 2 0 . 2 7 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 1 Eluant^ Deionized Water
Feed N-Sugars: 15.1691 wt.^ Feed R^Sugars: 21.7881 wt.%
Avg. Flow Rate: 1,80 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight %  Cumulative Weight %
Number IT-Sugars R-Sugars N-Sugars R-Sugars
13 1.048 - 1 .0*T-8
14 3.348 - 4.396
15 6.401 - 10.797
16 9.293 0.037 2 0 . 0 9 0 0.037
17 11.499 O .078 31.589 0.115
18 12.644 - O.I63 44.233 O .278
19 11.985 1.114 5 8 .2 1 8 1.392
20 1 0 . 4 3 0 2 . 1 2 7 66.558 3.519
21 8.397 3.640 14.955 7-159
22 6.348 5.004 8 1 .3 0 3 1 2 .1 6 3
23 4 . 9 6 4 5.875 8 6 .2 6 7 18 .0 3 8
24 3 . 9 0 4 6 . 7 5 9 90.171 24.797
25 3.094 6.989 93.265 3 1 .7 8 626 2.259 7.434 95.524 39*220
27 1.548 7.370 97.072 46.590
28 1 . 1 0 6 7.273 98.178 53.863
29 0 . 6 8 8 6 . 7 9 4 9 8 .8 6 6 6 0 .6 5 7
30 0.448 6.494 99.314 67.151
31 0.304 5.892 99.618 73.043
32 0.174 5.157 99.792 78.200
33 0 . 2 0 8 4 . 6 6 3 1 0 0 .0 0 0 8 2 .8 6 3
34 - 4 . 2 0 6 - 8 7 .0 6 9
35 - 3.576 - 90.645
36 - 3.094 - 93.739
37 - 2.415 - 96.15438 - 2.131 - 98.285




ION EXCLUSION TRIAL - 91 
(Duplicate trial - 90)
Date: 4/l/l98l Packing: Ionac CP-4, Na+
Bed Height: 27.0 cm. Bed X-Areat 20.27 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 36 Eluant: Deionized Water
Feed N-Sugars: 15.1691 wt.% Feed R-Sugars: 21.7881 wt,f>
Avg. Flow Rate: 1.80 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight fo Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
47 1-373 1.37348 3 . 2 6 6 - 4 . 6 3 9 -
49 5.772 - 10.411 -50 8.640 0.214 19.051 0.214
51 11.286 0.336 30.337 0.55052 13.358 0.486 43.695 1 .0 3 6
53 13.814 1 .1 0 6 57.509 2.14254 12.055 2 . 0 5 0 6 9•564 4.192
55 1 0 .1 7 6 3.337 79 • 7 40 7.52956 7.654 4.667 87.394 1 2 .1 9 6
57 5.046 6.028 92.440 18.22458 2 . 9 1 2 7.059 95.352 25.283
59 1.759 7.990 97-111 33.273
60 1 . 0 6 0 8.732 9 8 .1 7 1 42.005
61 0 . 5 9 4 8 .0 7 6 98.765 50.08162 0 .3 8O 7.964 99.145 58.045
5? 0 .2 7 2 7.288 99.417 65.33364
65
0 . 1 9 0 6.557 99.607 71.890
0.393 5.902 100.000 77.79266 - 5.075 - 8 2 .8 6 7
67 - 4.245 - 87.11268 - 3.718 - 90.830
69 - 3.057 - 93.887
70 - 2.563 - 96.450




ION EXCLUSION TRIAL - 92
Dates 4/l/l98l 
Bed Heights 2 7.0 cm.
Packing Mesh Sizes 20/50 
Feed Injection At: Sample 83 
Feed N-Sugarss 15.1691 wt.$
Packings Ionac CF-4f Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.s 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 21.7881 wt.%




94 0 .7 0 2
95 1.369 -
96 2 .2 1 9 -
97 3.395 0 .0 1 098 4.668 0 .0 6 1
99 6 . 0 2 5 0 .1 5 9100 7.138 0.411101 8.33? 1.047102 8.510 1.705
103 8.999 2.429104 9.753 3.473
105 8.623 4.825
106 7 . 8 6 7 6.319
107 6.6o4 7.178108 5.235 7 .8 0 0
109 3.285 8 .3 6 8110 2.144 8.046
111 1.229 7.216112 0 .8 6 7 6.504
113 0 .6 3 2 5.800114 0 .4 9 9 5.099
115 0.396 4.361116 0 .3 2 2 3.808
117 0 .2 5 6 3.133118 0.208 2.663
119 0.175 2.213120 0.152 1.857121 0.391 1.473122 1.145
123 - 0.980124 — 0.951
125 - 0.562126 - 0.404
Cumulative Weight fo 
N-Sugars R-Sugars
0 . 7 0 2 -
2.071 -4.290 -
7.685 0.010
12.353 0 .0 7 1
1 8 .3 7 8 0 .2 3 0
2 5 .5 1 6 o.64i




9 2 .7 2 9 43.785
94.873 51.83196.102 59.047
9 6 .9 6 9 65.551













ION EXCLUSION TRIAL - 93
Dates 4/3/1981 Packing: Ionac CF-4, NaBed Height: 2 7 . 3  cm. Bed X-Area: 20.27 sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 1 Eluants Deionized WaterFeed R-Sugars: 1 5 .1 6 9 1 wt.f Feed R-Sugars: 21.7881 wt.%
Avg. Flow Rates 1.83 cu.cm./min.sq.cm. Temperature: 50°C
_________________________ FRACTION____________________
Weight fo Weight f> Cumulative Weight fo 
Number N-Sugars R-Sugars N-Sugars R-Sugars
12 1.095 - 1.09513 2 . 7 8 3 - 3 . 8 7 814 4.428 - 8 . 3 0 6
15 6.348 - 14.654
16 8 . 6 5 2 0.041 2 3 . 3 0 6 0.041
17 11.555 0 . 0 6 8 34.861 0.109
18 1 3 .2 0 6 0 .3 5 2 48.067 0.461
19 13.097 O . 6 5 5 61.164 1 .1 1 6
20 1 2 .3 6 6 1.554 7 3 .5 3 0 2 . 6 7 0
21 9.269 2.814 82.799 5.48422 6.749 4.156 89.548 9.640
23 4.484 6 . 1 1 6 94.032 15.756
24 2.415 7.104 96.447 2 2 .8 6 0
25 1 . 3 7 0 8.008 97.817 3 0 .8 6 8
26 0.796 8 . 6 0 7 9 8 .6 1 3 39.475
27 0 . 5 2 7 8 . 6 9 8 99*140 48.17328 0.340 8.403 99.480 56.576
29 O .2 7 5 8.062 99.755 64.638
30 0.143 6 . 9 7 3 99.898 71.611
31 0 .1 0 2 6 . 1 6 1 1 0 0 .0 0 0 77-772
32 - 5.377 - 83.149
33 - 4.530 - 87.679
34 - 3.673 - 91.352
35 - 2.929 - 94.281
36 - 2.310 - 96.591
37 - 1.892 - 98.483




ION EXCLUSION TRIAL - 94
Date i 4/3/1981 
Bed Height* 2 7 . 3 cm.Packing Mesh Sizes 20/50 
Feed Injection At: Sample 41. 
Feed N-Sugars: 1 5 .1 6 9 1 wt.%
Packing: Ionac CF-4, Na+
Bed X-Areas 20.27 sq.cm. 
Feed Vol.* 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugars: 21.7881 wt.%
Avg. Flow Rates 1.83 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight f> Weight %  Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
52 0 .6 9 2
53 1.32754 1 .7 8 2
55 2.89256 4.026
57 5.44858 6.7577.592
60 8 .0 7 3
61 8 .I65
62 8 .1 2 2
63 8.99164 8 .0 2 5
6A 7.27266 6 . 1 0 0
67 4.631
68 3.052
69 2 . 0 1 970 1.390
71 0 .8 6 272 0.603
73 0.48174 0.370






0 .6 9 2
2.019 
3.8010.056 6.693 0.056
0.115 IO.719 0 .1 7 1
0 .2 7 6 1 6 .1 6 7 0 .4 4 70.594 22,924 1.041
1.154 3 0 .5 1 6 2 . 1 9 5
1.945 38.589 4.140
2 .7 2 2 46.754 6 . 8 6 2
3.430 54.876 10.292




7.994 9 2 .9 4 7 46.075
7 .9 1 8 9 4 .9 6 6 53.993
7.527 96.356 6 1 .5 2 0
6.598 97.218 68.1185-748 97.821 73.866
5.024 9 8 .6 0 2 7 8 .8 9 0
4.368 9 8 .9 7 2 8 3 .2 5 8
3 . 6 3 8 9 9 .2 6 6 8 6 .8 9 6
3.084 99.504 8 9 .9 8 0
2.503 99*683 92.483
2 . 0 2 5 1 0 0 .0 0 0 94.508
1 .6 0 1 - 9 6 .1 0 9
1 . 3 0 0 _ 97.409
0.938 - 98.347
1 .6 5 2 - 1 0 0 .0 0 0
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TABLE D-LV
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 95 
(Duplicate Trial - 94
Dates 4/3/1981 
Bed Height: 2 7 . 3 cm.
Packing Mesh Sizes 20/50 
Feed Injection At: Sample 91 
Feed N-Sugars: 15.1691 wt.?S
Packings Ionac CF-4, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluants Deionized Water Feed R-Sugars: 21.7881 wt%f
Avg. Flow Rates I .8 3 cu. cm./min. sq. cm. Temperatures 80°C
FRACTION
Weight fo Weight fo Cumulative Weight f
Number N-Sugars R-Sugars
101 0.330





111 8.693112 8 . 7 0 0






123 0.396124 0 .2 9 0
125 0 .2 2 5126 0.575127 -128 —
129 -
130-132
0 .0 2 5
0.1710.384
0 .6 9 2
1.0571.444
I . 8902.612



















2 . 5 4 9 -
4.836 0 . 0 2 5
8.402 0.19613.042 O.5 8O
19.276 1 .2 7 226.345 2.32934.041 3.77242.451 5.66351.144 8.27559.844 11.481
63.113 15.48875.742 20.574
82.206 26.514
8 8 .1 5 8 33.250
92.143 40.562
94.635 48.470
9 6 .2 1 1 56.274
97.305 63-99397.998 7 0 .5 8 8
98.514 76.536









ION EXCLUSION TRIAL - 96
Datei 4/6/1981 Packing: Ionac CF-4, Na+
Bed Height: 26.7 cm. Bed X-Areat 20.2? sq.cm.
Packing Mesh Size: 20/50 Feed Vol.: 20 cu.cm.
Feed Injection At: Sample 1 Eluant: Deionized Water
Feed N-Sugars: 15.1691 wt.fo Feed R-Sugars: 21.7881 wt.?S
Avg. Flow Rate: 3*00 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
imber
Weight %  
N-Sugars
Weight %  
R-Sugars
Cumulative Weight %  
N-Sugars R-Sugars
12 0.640 0.640 —
13 1.853 — 2.493 -14 3.767 - 6 . 2 6 0 -
15 5.766 0 .0 6 2 1 2 .0 2 6 0 .0 6 2
16 8.137 0.401 2 0 .1 6 3 0 .4 6 3
17 10.231 0.632 30,394 1 .0 9 518 1 1 .5 2 0 0.941 4l.9l4 2 . 0 3 6
19 1 2 .7 9 0 1.400 54.704 3 .4 3 620 12.094 2.246 6 6 .7 9 8 5.68221 10.414 3.520 77.212 9.202
22 8.356 4.677 85.568 13.87923 5.450 6.133 91.018 20.01224 3 .2 7 2 6.894 94.290 26.906
2.043 7.650 93.333 34.55626 1.419 7.199 97.752 41.755
27 0 .8 1 7 7.170 9 8 .5 6 9 48.92528 0.570 6.837 99.139 55.76229 0.378 6.544 99.517 6 2 .3 0 630 0.299 6 .3 1 6 99.816 68.622
31 0.184 5.532 100.000 74.15432 - 4.941 - 79.095
33 - 4.072 - 83.16734 - 3.621 - 86.688
- 3.323 - 9 0 .1 1 136 - 2.866 - 92.977
37 - 2.614 - 95.59138 - 2.324 - 97.915
39 - 2.085 - 100.000
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TABLE D-LVII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 97 
(Duplicate Trial - 9 6)
Datei 4/6/1981 
Bed Height: 2 6 . 7 cm.
Packing Mesh Size! 20/50 
Feed Injection Ats Sample 42 
Feed N-Sugars: 15 .1 6 9 1 wt .fo
Packing! Ionac CF-4, Na 
Bed X-Area: 5.04 sq.cm.
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.?88l wt.j6
FRACTION









63 8 . 6 0 2
64 5.392
65 3.12366 1.873
67 1 .0 6 868 0 .6 5 0
69 0.424








- 4 . 8 6 7 -
0 .0 9 1 10.583 0 .0 9 10.288 18.945 0 .3 7 9
0.513 2 9 .7 2 7 0 .8 9 2
0.723 42.242 1 .6 1 51.176 55.225 2 .7 9 12.417 67.614 5 .2 0 8
3.183 78.300 8 .3 9 14.442 76.902 12.8335.770 92.294 1 8 .6 0 37.261 95.^17 25.8647.^73 97*290 33.3377.646 98.358 40.983
7.259 99.008 48 .6 0 6
6 . 9 6 6 99.^32 55.865
6.565 99.760 62.8315.429 100.000 69.3964.984 - 74.8253.784 - 79*8093.868 - 83-5933.376 - 87-461
2.855 - 90.8372.384 - 93.692






ION EXCLUSION TRIAL - 98
Date: 4/6/1981 
Bed Height: 26.7 cm*Packing Mesh Size: 20/50 
Feed Injection At: Sample 92 
Feed N-Sugars: 15 .1 6 9 1 wt.$
Packing: Ionac CF-4, Na 
Bed X-Area: 5*04 sq.cm.
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 vft.%Avg. Flow Rate: 3*00 cu.cm./min.sq,cm. Temperature: 50°C
FRACTION
Weight % Weight % Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugar:
103 0.286 _ 0.286104 0.751 - 1.037 -105 1.401 - 2.438 —
106 2.197 0.014 4.635 0.014107 3 . 2 0 6 0 .0 9 7 7.841 0.111
108 4.379 0 .2 1 1 1 2 .2 2 0 0 .3 2 2109 5.481 0 .3 2 6 1 7 .7 0 1 0.648
110 6.744 0.587 24.445 1.235
111 7.771 1 .0 6 3 3 2 .2 1 6 2 .2 9 8
112 8 . 1 7 0 1.639 40.386 3-937113 8.434 2.426 48.820 6.363114 8.354 3.199 57.174 9.562
115 7.531 4.051 64.705 13.613
116 6 . 740 4.812 71.445 18.425
117 5.932 5.393 77.377 2 3 .8 1 8118 5.184 5 .8 8 8 82.561 2 9 .7 0 6
119 4.354 6.017 86.915 35.723
120 3.582 6 .4 9 6 90.497 42.219
121 2.543 6.546 93.040 48.765
122 1.820 6.133 94.860 54.898123 1.312 5-784 9 6 .1 7 2 6 0 .6 8 2124 0.979 5.401 97.151 66.083125 0.730 4 . 8 8 9 97.881 70.972126 0.553 4.440 98.434 75.412
127 0.427 3.959 98.861 79.371128 0.329 2.511 99.190 82.882129 0.255 3.074 99.445 85.956130 0.555 2.723 100.000 8 8 .6 7 9




Number N-Sugars R-Sugars N-Sugars R-Sugars
133 - 1 .6 2 1 - 95-555
13^ - 1.387 - 95-942
135 - 1 .1 6 9 - 97.111
136 - 0 .9 7 0 - 9 8 .0 8 1
137 - 0 .7 6 8 - 98.849




ION EXCLUSION TRIAL - 99
Dates 4/8/1981 Packings Ionac CF-4, Na
Bed Heights 2 7 .0 cm. Bed X-Areas 20.27 sq.cm.
Packing Mesh Sizes 20/50 Feed Vol.s 20 cu.cm.
Feed Injection Ats Sample 1 Eluants Deionized Water
Feed N-Sugarss 15.1691 wt.% Feed R-Sugarss 21,7881 wt.$Avg. Flow Rates 3-00 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
!■ (D N-Sugars R-Sugars N-Sugars R-Sugar
13 1.141 _ 1.141 _14 2.470 - 3 .6 1 1 -
15 4.323 - 7.934 «-
16 6.541 0 .0 2 3 14,475 0 .0 2 317 8 . 5 2 0 O .309 22.995 0.33218 10.361 0.535 33.356 0 .8 6 7
19 11.570 0 . 7 2 0 44.926 1.58720 12.158 1 . 0 2 5 57.084 2 .6 1 221 11.578 1.649 68.662 4.26122 10.045 2.586 7 8 .7 0 7 6.84723 7 .8 9 7 3.881 86.6o4 10.72824 5 .4 3 2 5.4-55 92.036 16.183
25 3 .1 3 2 6.444 95.168 2 2 .6 2 726 1 .9 9 0 7.084 97.158 2 9 .7 1 1
27 1 .1 6 8 7.362 98.326 37-07328 0 .7 0 8 7.532 99.034 44.605
29 0.483 7.390 99.517 51.99530 0.304 7 .1 6 6 99-821 59.161
31 0.179 6.427 1 0 0 .0 0 0 6 5 .5 8 832 - 5.871 - 77.4-5933 - 5.289 — 7 6 .7 4 834 - 4.828 — 8 1 .5 7 6
- 4.204 — 8 5 . 7 8 0
36 - 3.708 * 89.483




ION EXCLUSION TRIAL - 100
Dates 4/8/1981 Packing! Ionac CF-4, Na+
Bed Height: 27.0 cm. Bed X-Areas 20.27 sq.cm.
Packing Mesh Size: 20/50 Feed Vol. 60 cu.cm.
Feed Injection Ati Sample 4l Eluant! Deionized Water
Feed N-Sugarsi 15.1691 wt.$ Feed R-Sugarsi 21.7881 wt.$ 
Avg. Flow Rates 3 .00 cu.cm./min.sq.cm. Temperatures 80°C
FRACTION
Weight %  Weight %  Cumulative Weight %
















































Weight fo Weight %
Number N-Sugars R-Sugars
79 - 3.210
80 -  2.891
81 - 2.461
82 - 2.209
83 - 1.93784 - l .766
85 - 1.52386 - 1.360
87 - 1.15388 - 0.906
89 - 0.79390 - 1.166
Cumulative
N-Sugars














ION EXCLUSION TRIAL - 101
(Duplicate Trial - 100)
Dates 4/8/1981 
Bed Height: 2?.0 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 101 
Feed N-Sugars: 15-1691 wt .fo
Packing: Ionac CF-4, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol. 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.$
Avg. Flow Rate: 3-00 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight f> Weight fo  Cumulative Weight %  
Number N-Sugars R-Sugars N-Sugars R-Sugars
113 0.572 -
114 1.027 -





























































Weight fo Weight f> Cumulative Weight %
N-Sugars R-Sugars N-Sugars R-Sugars
- 2.744 — 88.144
- 2.22? - 90.371
- 1.964 _ 92.335
- 1.646 - 93.381
- 1.327 - 95-308
- 1.226 - 96.534
- 0.983 - 97.517
- 0.808 - 98.325





ION EXCLUSION TRIAL - 104-
Date: 4-/3/1981 
Bed Height: 27.3 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 6l 
Feed N-Sugars: 15.1691 vrt.fo
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol. 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.Jo
Avg. Flow Rate: 1.79 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight fo Weight fo Cumulative Weight fo
tmber N-Sugars R-Sugars N-Sugars R-Sugars
69 0.575 0.04-1 0.575 0.041
70 3.820 1.4-21 4.395 1.462
71 7.058 3.H 9 11.453 4.581
72 12.521 5.638 23.974 10.219
73 16.4-23 8.885 40.397 19.10474 16.953 10.316 57.350 29.420
75 15.369 11.135 72.719 40.555
76 12.4-03 10.343 85.122 50.898
77 6.988 9.467 92.110 60.36578 3.986 9.139 96.096 69.504
79 1.570 7.710 97.777 77.214
80 I.065 6.118 98.731 83.332
81 0.673 4.662 99.404 87.994
82 0.4-26 3.575 99.830 91.75183 0.170 3.152 100.000 94.903
84 - 2.691 - 97.594




ION EXCLUSION TRIAL - 105
Date: 4/3/1981 
Bed Height: 27*3 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 91 
Feed N-Sugars: 15.1691 wt.?S
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.?5
Avg. Flow Rate: 1.79 cu.cm./min.sq.cm. Temperature: 50 C
FRACTION
Weight % Weight % Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
98 0.373 0.319 0.373 0.319
99 1.403 0.628 1.776 0.947
100 2.088 0.959 3.864 1.906
101 3.494 1.576 7-358 3.482
102 5.493 2.475 12.851 5.957
103 7.481 3.791 20.332 9.748
104 9.142 4.971 29.474 14.719
105 10.122 5.664 39.596 20.383106 11.092 6.520 50.689 26.903
107 12.131 7.671 62.820 34.574
108 12.301 8.814 75-121 43.388
109 11.100 9.702 86.221 53.090
110 8.876 9.248 95.097 62.338111 2.695 8.410 97.792 70.748112 0.890 5.696 98.682 76.444
113 0.482 4.383 99.164 80.827
114 O.277 3.318 99.441 84.145
115 0.233 2.758 99.674 86.903116 0.135 2.266 99.809 89.169
117 0.107 1-919 99.916 91.088
118 0. 084 1.642 100.000 91.735
119 - 1.470 - 94.205
120 - I.278 — 95-483121 - 1.129 _ 96.612
122 - 0.991 — 97.603
123 - 0.885 98.488




ION EXCLUSION TRIAL - 106
Date: 4/4/1981 
Bed Height: 2?.3 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 1 
Feed N-Sugars: 15.1691 wt.#
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.#
Avg. Flow Rate: 1.79 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight # Weight f> Cumulative
Number N-Sugars R-Sugars N-Sugars
8 1.842 0.652 1.842
9 3.795 1.206 5.637
10 6.609 2.365 12.246
11 11.044 4.582 23.290
12 15.063 6.916 38.353
13 17.278 9-217 55-631
14 15.938 10.082 71.569
15 12.866 10.431 84.43516 7.896 9.264 92.331
17 4.146 7.900 96.477
18 1.982 7.558 98.459
19 0.832 6.791 99.291
20 0.440 5.782 99.731
21 0.269 4.894 100.000
22 3.815 -
23 - 3.349 -
24 - 2.804 -





















ION EXCLUSION TRIAL - 10?
Date* 4/4/1981 
Bed Height* 27.3 cm.
Packing Mesh Size* 20/50 
Feed Injection At: Sample 32 
Feed N-Sugars: 15.1691 wt.jS
Packing: Dowex 50W-X8, Na+ 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant* Deionized Water 
Feed R-Sugars: 21.7881 wt.$
Avg. Flow Rate: 1.79 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Number N-Sugars R-Sugars N-Sugars R-Sugars
38 0.788 0.652 0.788 0.299
39 1.918 0.653 2.706 0.952
40 3.152 1.192 5.858 2.144
41 5.055 2.162 IO.913 4.360
42 5.561 2.535 16.474 6.?4l
43 7-107 3.248 23.581 9.989
44 9.128 4.574 32.709 14.563
45 10.474 5.716 43.183 20.279
46 11.310 6.628 54.493 26.907
57 11.911 7.521 66.404 34.428
58 11.397 8.179 77-801 42.607
59 9.939 8.179 87.740 50.786
60 6.310 8.073 94.050 58.859
61 2.768 7.023 96.818 65.882
62 1.125 5.998 97.943 71.880
63 0.760 5.015 98.703 76.895
64 0.395 4.126 99.098 81.021
65 ' 0.241 3.285 99.339 84.306
66 0.191 2.818 99.530 87.124
67 0.175 2.342 99.705 89.466
68 0.112 2.049 99.817 91-515
69 0.116 1.741 99.933 93.256
70 0.067 1.554 100.000 94.810
71 - 1.366 - 96.176
72 - 1.150 - 97.326
73 - 1.008 - 98.33474 -  0.888 -  99.222




ION EXCLUSION TRIAL - 108
Dates 4/15/81 
Bed Heights 27.0 cm 
Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 1 
Feed N-Sugarss 15.1691 wt .fo
Packings Dowex 50W-X8, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.s 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 21.7881 wt ,f>
Avg, Flow Rates 2.99 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight fo Weight % Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
9 0.521 _ 0.521 -
10 3-375 0.892 3.896 0.892
11 7.159 2.57^ 11.055 3.46612 10.772 4 .366 21.827 7.832
13 14.831 7.016 36.658 14.848
14 17.^32 9.736 54.090 24.584
15 17.051 11.686 71.14-1 36.27016 14.749 12.016 85.890 48.286
17 8.768 12.554- 94.658 60.840
18 2.739 10.640 97-397 71.480
19 1.502 7.478 98.899 78.958
20 0.611 5.870 99.510 84.828
21 0.277 4.284 99.787 89.112
22 0.213 3.4-10 100.000 92.522
23 — 2.859 — 95.381
24 - 2.480 - 97.861




ION EXCLUSION TRIAL - 109
Dates 4/15/L981 
Bed Heights 27.0 cm.
Packing Mesh Sizes 20/50 
Peed Injection At: Sample 31 
Feed N-Sugarss 15.1691 wt .fo
Packing: Dowex 50W-X8, Na 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21,7881 wt.$
Avg. Flow Rate: 2.99 cu.cm./min.sq.cm. Temperature: 50°C
FRACTION
Weight f Weight fo
imber N-Sugars R-Sugars
38 0.214 0.277






















































WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 110
Date: 4/l6/l98l 
Bed Height: 27,3 cm.
Packing Mesh Size: 20/50 
Feed Injection At: Sample 2 
Feed N-Sugars: 15.1691 wt . fo
Packing: Dowex 50W-X8, Na+ 
Bed X-Area: 20,27 sq.cm. 
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 21.7881 wt.$
Avg. Flow Rate: 2,99 cu.cm./min.sq.cm. Temperature: 80°C
FRACTION
Weight fo  Weight %  Cumulative Weight fo
Number N-Sugars R-Sugars N-Sugars R-Sugars
11 1.844 0.4-64- 1.84-4- 0.464
12 3.117 1.025 4-.961 1.4-89
13 3.919 1.4-75 8.880 2.964-
14- 6.84-8 2.613 15.728 5.577
15 10.363 4-.276 26.091 9-85316 12.277 5.521 38.368 15.374-
17 14-.94-0 6.676 53.308 22.050
18 16.54-0 8.669 69.848 30.719
19 15.265 10.370 85.H3 41.089
20 10.040 12.174 95.153 53.263
21 2.237 10.515 97.390 63.778
22 0.933 8.317 98.323 72.095
23 0.547 6.510 98.870 78.605
24 0.575 5.396 99. ̂4-5 84.001
25 0.314 4.307 99.759 88.308
26 0.241 3.645 100.000 91.953
27 - 3.044 - 9^*99728 - 2.717 - 97.714




ION EXCLUSION TRIAL - 111
Dates 4/l6/l981 
Bed Heights 27.3 cm.
Packing Mesh Sizes 20/50 
Feed Injection Ats Sample 4l 
Feed N-Sugarss 15*1691 wt ,f>
Packings Dowex 50W-X8, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugars: 21.7881 Wt.#
Avg. Flow Rates 2.99 cu.cm./min. sq.cm. Temperatures 80°C
FRACTION











58 10.084 4 .667




65 0.571 4.82266 0.396 3.791







75 - I.07776 - 0.976
77 - 0.902
78 - 0.821






























ION EXCLUSION TRIAL - 114
Dates 4/18/1981 
Bed Heights 27-0 cm.
Packing Mesh Sizes 50/100 
Peed Injection Ats Sample 1 
Feed N-Sugarss 16.3996 wt.$
Packings Dowex 50W-X4, Na 
Bed X-Areas 20.27 sq.cm. 
Peed Vol. 20. cu.. cm.
Eluants Deionized Water 
Feed R-Sugarss 17*6427 wt ,f>
Avg. Flow Rates 1.79 cu.cm./min.sq.cm. Temperatures 50°C
FRACTION
Weight fo Weight %  Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugar
13 0.705 - 0.705
14 2.887 - 3*592
15 6.736 - 10.328
16 11.021 - 21.349
17 14.215 - 35*564
18 15.529 - 51*093
19 20.424 1.121 71.517 1.121
20 17.731 1.813 89.248 2.934
21 6.I60 5-984 95.408 8.918
22 2.439 9*374 97.847 18.292
23 1.133 11.044 98,980 29.336
24 0.572 11.800 99.552 41.136
25 0.348 11.912 99.900 53.048
26 0.100 10.593 100.000 63.641
27 - 9-304 - 72.945
28 - 7*805 - 80.750
29 - 6.328 - 87.078
30 - 4.853 - 91.931
31 - 3.432 - 95.363
32 - 2.590 - 97-953




ION EXCLUSION TRIAL - 115
Date* V l 8/1981 
Bed Heights 27.0 cm.
Packing Mesh Sizes 50/100 
Feed Injection Ats Sample 34 
Feed N-Sugarss 16.3996 wt .fo
Packings Dowex 50W-X4, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.s 20 cu.cm.
Eluants Deionized Water 
Feed R-Sugarss 17*6427 wt.$


























Weight fo Weight fo Cumulative Weight
N-Sugars R-Sugars N-Sugars R-Suga
O.762 - 0.762 —
2.051 - 2.813 -
3-956 - 6.769 -
5.365 - 12.134 -
7.434 0.049 19.568 0.049
9.641 0.214 29.209 0.263
9.683 0.532 38.892 0.795
11.441 2.320 50.333 3.U 5
11.405 3.846 61.738 6.961
9.970 5.816 71.708 12.777
8,219 7.066 79.927 19.843














0.510 6.496 99.381 78.845
0.271 5.248 99.652 84.093
0.170 4.155 99.822 88.248
0.108 3.278 99.930 91.526
0.070 2.554 100.000 94.080
- 2.003 - 96.083
- 1.494 - 97.577
- 1.104 — 98.681
- 0.762 - 99.443
- 0.557 - 100.000
254
TABLE D-LXXII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - ll6
Dates 4/21/1981 Packings Dowex 50W-X4, Na
Bed Heights 27.3 cm. Bed X-Areas 20.27 sq.cm.
Packing Mesh Sizes 50/100 Feed Vol.s 20 cu.cm.
Feed Injection Ats Sample 4 Eluants Deionized Water
Feed N-Sugarss 16,3996 wt.$ Feed R-Sugars: 17.6427 wt,?6 
Avg. Flow Rates 1.79 cu,cm./min.sq.cm. Temperatures 80°C
FRACTION
Weight fo Weight %  Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
13 0.391 - 0.391
14 2.444 - 2.835
15 6.453 - 9.28816 ' 11.150 - 20.438
17 14.157 - 34.59518 15.901 - 50.496
19 16.307 0.127 66.803 O.127
20 14.794 0.480 8I.597 0.607
21 9.789 3.598 91.386 4.205
22 4.746 6.610 96.132 10.815
23 1.925 9.552 98.057 20.367
24 0.832 12.007 98.889 33.374
25 0.485 12.838 99-37^ 45.212
26 0.393 12.704 99.767 57.916
27 0.233 11.219 100.000 69.135
28 - 9.316 - 78.451
29 - 7.268 - 85.719
30 - 5.577 - 91.296
31 - 3.885 - 95.181
32 ■ - 2.818 - 97-999
33 - 2.001 - 100.000
•255
TABLE D-LXXIII
WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 117
Dates 4/21/1981 
Bed Heights 27.3 cm.
Packing Mesh Sizes 50/IOO 
Feed Injection Ats Sample 58 
Feed N-Sugarss 16.3996 wtS
Packing* Dowex 50W-X4, Na 
Bed X-Areas 20.27 sq.cm. 
Feed Vol.s 60 cu.cm.
Eluants Deionized Water 
Feed R-Sugars* 17,6427 wt.$




































































































WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 118
Date: 4/22/19&1 
Bed Height: 27.0 cm.
Packing Mesh Size: 50/100 
Feed Injection At: Sample 1 
Feed N-Sugars: 16.3996 wt.$
Packing: Dowex 50W-X4, Na+ 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 17*6427 wt.%
Avg. Flow Rate: 3*00 cu.cm./min.sq.cm. Temperature: $0°C
FRACTION
Weight %  Weight %  Cumulative Weight %  
Number N-Sugars R-Sugars N-Sugars R-Sugars
15 1.505 - 1*50516 4.080 - 5.558
17 7.780 - 13.365
18 11.962 - 25.326
19 13.816 - 39.143
20 15.167 0.034 54.310 0.034
21 15.065 1.633 69.375 1.667
22 11.420 3.037 80.795 4.704
23 9.296 5.060 90.091 9.764
24 4.930 7-541 95-021 17.305
25 2.488 9.501 97.509 26.806
26 1.185 10.054 98.694 36.860
27 0.658 9*928 99.352 46.788
28 0.414 9.^50 99.766 56.238
29 0.234 8.716 100.000 64.954
30 - 7.719 - 72.673
31 - 6-659 - 79.332
32 - 5.350 - 84.682 .
33 - 4.419 - 89.IOI
34 - 3.366 - 92.777
35 - 2.857 - 95-624
36 - 2.045 - 98.074




ION EXCLUSION TRIAL - 119
Dates 4/22/1981 Packings Dowex 50W-X4, Na+
Bed Heights 27.0 cm Bed X-Area: 20.27 sq.cm.
Packing Mesh Sizes 50/100  ̂ Feed Vol.s 60 cu.cm.
Feed Injection Ats Sample 4-1 " Eluants Deionized Water
Feed N-Sugarss 16,3996 wt .% Feed R-Sugars: 17*6427 wt.fa 
Avg. Flow Rate: 3*00 cu.cm./min.sq.cm. Temperatures 50°C
__________________________FRACTION___________________________
Weight fa  Weight fo  cumulative Weight fo
Number N-Sugars R-Sugars
53 0.36554 1.08355 2.10356 3*33857 5*183




62 9 .038 3*139
63 8.031 4.30964 7.071 5.254
65 6.303 6.115
66 5.457 7.282
67 4 .3 72 7-344
68 3.425 7.365
69 2 .81 6 7.752
70 2 .1 0 0 6.88471 1.338 6 .57672 0.981 6.45373 0.641 5 .80674 0.437 4.97975 0 .279 4 .1 9 476 0.558 2,53777 0.138 3 .01 1



































ION EXCLUSION TRIAL - 120
Dates 4/23/1981 
Bed Height: 27.0 cm.
Packing Mesh Size: 50/100 
Feed Injection At: Sample 1 
Feed N-Sugarsi 16.3996 wt.?S
Packing: Dowex 50W-X4, Na+ 
Bed X-Area: 20,27 sq.cm. 
Feed Vol.: 20 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 17.64-27 wt S
Avg. Flow Rate: 3 .00 cu.cm,/min.sq.cm. Temperature: 80°C
FRACTION
Weight %  Weight fo Cumulative Weight %
Number N-Sugars R-Sugars N-Sugars R-Sugars
14 1.969 - I.969
15 5.090 - 7.05916 9.300 - 16.359
17 12.608 - 28.96718 15.269 44.236
19 15.466 0.171 59.702
20 14.315 0.4-29 74.01721 . 10.780 2.125 84.797
22 7.84-8 5.236 92.645
23 3.747 7.342 96.392
24 1.888 8.670 98.280
2! 0.947 10.201 99.22726 0.522 10.574 99.749
27 0.251 10.354 100.000
28 - 9.472 —
29 - 8.365 -




33 - 3.456 _
34 - 2.766 _




















WEIGHT PERCENT DISTRIBUTION. 
ION EXCLUSION TRIAL - 121
Datet 4/23/1981 
Bed Height: 27,0 cm.
Packing Mesh Size: 50/100 
Feed Injection At: Sample 4l 
Feed N-Sugars: 16.3996 wt.$
Packing: Dowex 50W-X4, Na+ 
Bed X-Area: 20.27 sq.cm. 
Feed Vol.: 60 cu.cm.
Eluant: Deionized Water 
Feed R-Sugars: 17.6*4-27 wt.%





Weight %  
R-Sugars
Cumulative Weight %  
N-Sugars R-Sugars
53 0.430 — 0.430
54 1.829 - 1.759 -
55 2.741 - 4.500
56 4.078 - 8.578 -
57 5.521 - 14.099 -58 7.166 - 21.265 -
P 8.568 0.092 29.833 0.09260 9.515 0.244 39.348 0.33661 10.206 1.466 49.554 1.80262 9.534 2.733
4.145 59.088 4.53563 8.395 67.483 8.680
64 7.475 5.329 74.958 14.009
65 6.171 6.169 81.129 20.17866 5.116 7.806 86.245 27.98467 3.863 8.208 90.108 36.19268 2.949 8.081 93.057 44.27369 2.316 8.513 95.373 52.78670 1.6l4 7.670 96.987 60.456
71 0.990 6.692 97.977 67.14872 0.662 6.235 98.639 73-383
73 0.501 5.707 99*140 79.090
74 0.319
0.214 M 99.459 83.62375 3.673 99.673 87.29676 0.146 3.013 99.819 90.309
77 0.104 2.486 99.973 92.79578 0.077 2.048 100.000 94.843
79 - 1.620 96.46380 - 1.267 97.73081 - 0.951 _ 98.681











Figure Dl. Ion Exclusion Process. Elution Curves,
Trial 35
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Figure D4. Ion Exclusion Process. Elution Curves.
Trial 38
Keys O N-Sugars 
O  R-Sugars 
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Figure D5- Ion Exclusion Process, Elution Curves.
Trial 39
Keys O N-Sugars 
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Figure D6, Ion Exclusion Process.
Trial 40
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Figure Dl^. Ion Exclusion Process.















An example of the calculations made to determine 
the number of ion exclusion columns needed to process 
100 Tons/Day of cane blackstrap molasses are shown in 
Tables E-I through E-V along with Figure El.
The ion exclusion trial 39 was used as basis for 
the above calculations. This particular trial gave the 
highest value of the "product parameter" J j This 
parameter was supposed to be associated with the variable 
combination that gave the "best" results in terms of 
concentration, purity, and product recovery for a com­
mercial plant.
The different product cuts were based on the 
25 g/l limit on the R-Sugars concentration both on the 
leading and trailing boundary of the product elution 
curve.












Blackstrap Molasses 6750 4264- 81.00 63.17 8333Water (I. E.) 61 58 0.70 95.10 8716Total 6811 4322 39.95 63.46 1704-9
Inversion:
Phosphoric Acid 962 — — 2104
Sodium Hydroxide 703 ---- ------ — 4-292
Total 8291 4454 35.36 53.72 234-4-5






















Concentrated Sweet Water 2282
Total Feed to






























3 9 .1 0
53.91
5 0 .2 7
55.55
50 .2 7




















TABLE E-II. Ion Exclusion Process. Laboratory Results
Trial 39
Column Diameter: 2.54 cm.
Bed Height: 113.00 cm.
Bed Volume: 570.00 ml. „ 
Flow Rate: 1.7 ml/min.cm
3.35 Ft3/Hr.Ft2,
Molasses Volume: 60 ml.
Molasses Concentration: 40 °Brix.
Molasses Composition: R-Sugars = 19*07 Wt
Sucrose = 0,99 WtN-Sugars = 19.§4 Wt
v \
Start End
Residual Molasses 0.39 0.65


















0 .0 9  
100.00
TABLE E-III. Ion Exclusion Process. Commercial Column Design
Sample Calculations of Column Sizing
Flow Rate: 3-35 Pt3/Hr.Ft2
Molasses to Ion Exclusion: 280.00 Ft^/Hr.
Column Cross Sectional Area, Aq = 280/3.35 = 83-58 Ft2.
Column Diameter = 10.3 Ft.
Bed Height (Assumed) = 4 Ft,
Bed Volume = 333*5 Ft^.
Feed Volume = 35.02 Ft^.
N-Sugars Start = 0.39 x 333.5 / 280.0 = 0.46 Hours.
R-Sugars End = 0.95 x 333.5 / 280.0 = 1.13 Hours.
Residence Time = 1.13-0.46 = O.6 7 Hours.
Column Capacity = 35.02 / 0 ,6 7 = 52.26 Ft^/Hr,
Number of Columns = 280 / 52.26 - 5*34 (Approx. 6 Columns) 
Total Bed Volume = 6 x 333-5 = 2001 Ft-̂ .












1 0 .3 0 83.50 4. 0 333.50
1 0 .3 0 83.50 8.0 666 .92
7.00 38.48 8.0 307.877.00 38.48 10.0 384.84
7.00 38.48 12.0 461.81
7.55 45.75 12.0 537.007.22 40.94 9.9 4o4.4o8.86 61.65 9.9 609 .138.00 50.27 10.0 502 .6 08.00 50.27 12.0 603.18
9.00 63 .6 2 10.0 636 .1 7
9.245 67 .1 2 8.0 537.00
1 3 .1 0 134.25 4.0 537.00




























35.02 52.26 2001 6
70 .03 53.05 4002 6
32.33 24.14 3694 1240.41 24.19 4618 1248.49 24.25 5542 12
56.39 28.20 5370 1042.46 25.74 4448 11
6 3 .9 8 39.76 4873 8
52.78 31.61 4524 9
63.33 31.67 5429 966.80 40.12 4453 7
56.39 42.11 3759 7
56.39 84.27 2148 414.00 21 .0 7 1900 14
ro-o
\o
TABLE E-V. Ion Exclusion Process. Commercial Column Design.
Product Distribution. Invert Product 89.6 %  Purity
Column Diameter: 9*245 Ft. Molasses from ~
Bed Height: 8.000 Ft. Pretreatment: 280.0 FtJ/Hr.
Bed Volume: 537*000 Ft. Molasses Composition: R-Sugars = 20,838 Wt. fo
Sucrose = 0.9354 Wt. %
N-Sugars = 17*3252 Wt. %
Calculations:
Column Area: (9*245)2/4 = 6 7 .1 2 5 Ft2
Flow Rate: 6 7.125 Ft2 * 3.346 Ft3/Ft2 Hr = 224.6 Ft3/Hr,
Feed Volume: 537 * 0.105 = 56.385 Ft3.
Product Distribution
v e A t Time, Hours
Stream Start End Start End
Residual Molasses 0.392 0.655 0.94 1.57
Invert Product 0.655 0.875 1*57 2.09
Recycle 0.875 0.952 2 .09 2 .28
280
TABLE E-V. (Continued)
Molasses In.iection Time, Hours
Cycle 1 0.00
Cycle 2 1.34 (2.28 - 0.9*0
Cycle 3 2.68 (3.62 - 0.94)
Cycle 4 4.02 (4.96 - 0.94)
Column Capacity: 56.385 Ft*V 1.34 Hr = 42.08 Ft^/Hr.
= 42.08 Ft3/Hr x 73.0885 Lbs/Ft
= 3075 Lbs/Hr.
Weight of Molasses to the column/Cycle: 56.385 Ft^ x 73.0885 Lbs/Ft^
4121 Lbs/Hr.
R-Sugars to the column/Cycle = 4121 x 0.20838 = 859 Lbs,
Sucrose to the column/Cycle = 4121 x 0.00935 = 38.5 Lbs,
N-Sugars to the column/Cycle = 4121 x 0.17325 = 714 Lbs.
TABLE E-V. (Continued)
Column EffluentCut, Hours Flow Rate R-Sugars Sucrose N-Sugars
Stream Start -End FtVHr* Lbs Lbs Lbs
Residual Molasses 0.94 1.57 1 0 6 .0 20 3 0 .8 '617-5
Invert Product 1-57 2.09 87-3 821 7-7 95-9
Recycle 2 . 0 9 2.28 31.9 18 - 0 .6
Total 859 38.5 714.0
—  — = == = =















Ion Exclusion Process. Commercial Column Design.
Time Analysis
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2.68 3.62 4.25 4.77
TIME,  Hours.
APPENDIX F
Calculated and Experimental Elution Curves.
Figure FI. Ion Exclusion Process. R-Sugars Elution Curves
Theoretical Vs. Experimental 







Trial 36 Trial 37
62 6627 31 35 39 70
Fraction Number,
Figure F2, Ion Exclusion Process. R-Sugars Elution Curves.
Theoretical Vs. Experimental 






6825 7629 33 37 8072
Fraction Number.
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Figure P3* Ion Exclusion Process, R-Sugars Elution Curves, 
Theoretical Vs. Experimental 




Trial 40 Trial 41
26 30 34 38 80 84
Fraction Number.
Figure F*K Ion Exclusion Process, N-Sugars Elution Curves 
Theoretical Vs. Experimental 









Figure F5. Ion Exclusion Process. N-Sugars Elution Curves. 
Theoretical Vs. Experimental 















Figure F6. Ion Exclusion Process. N-Sugars Elution Curves. 
Theoretical Vs. Experimental 















Edgar L. Aguirre G. was born in Loja, Ecuador, on 
September 18, 19^3* He finished his elementary education 
at the San Luis Catholic School, and his secondary educa­
tion at the Bernardo Valdivieso High School in Loja, 
Ecuador. He received the degree of Chemical Engineer in 
1968 from the Central University, Quito, Ecuador.
In 1973* he was awarded with a scholarship from the 
Fulbright-Hayes Grant and entered Graduate School at 
Louisiana State University, where he received a M.S. in 
Chemical Engineering in 1975*
After graduation, he accepted employment with the 
Ecuadorian State Petroleum Corporation. In August 1977, 
he returned to the Graduate School at Louisiana State 
University and is a candidate for the Doctor of Philoso­
phy degree in Chemical Engineering. Currently, he is
employed as a Research and Special Projects Engineer at
*
the United States Sugar Corporation in Clewiston, Florida.
In September 30, I9 6 8, the author married Margoth 
Arregui Castro from Quito, Ecuador. They have three 
daughters, Maria, Tatiana, and Cristina, aged 13> 10, and 
6 respectively.
He is a member of the Phi Lambda Upsilon Honorary 
Chemical Society, of the Ecuadorian Professional Society 
of Chemical Engineers, and of the American Society of 
Sugar Cane Technologists, Florida Division.
EXAMINATION AND THESIS REPORT
Candidate: Edgar L. Aguirre 
Major Field: Chemical Engineering
Title of Thesis: Recovery of Sugars From Blackstrap Molasses by Ion Exclusion
Approved:
r Professor and Chairman
/JiiL— - ( &
latqrSchoolDean of the Gradu l
EXAMINING COMMITTEE:
Date of Examination:
October 15, 1982
